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Abstract
M2 macrophages can promote liver cancer metastasis by promoting tumour angio-
genesis; however, the mechanism underlying macrophage polarization has not been 
completely revealed. In this study, we mainly explored the mechanism underlying 
long non-coding RNA-CRNDE (lncRNA-CRNDE) in regulating M2 macrophage po-
larization and promoting liver cancer angiogenesis. The expression of CRNDE was 
up-regulated or down-regulated in THP-1 cells (CRNDE-/--THP-1 cells and pcDNA3.1-
CRNDE-THP-1). THP-1 cells were co-cultured with liver cancer cell line H22, and M2 
polarization was induced in THP-1 by IL-4/13 to simulate tumour-induced macrophage 
polarization. As a result, after CRNDE overexpression, THP-1 cell viability was up-
regulated, the expression of M2 membrane marker CD163 was up-regulated, and the 
proportion of F4/80 + CD163+ cells was also up-regulated. ELISA assay showed that 
the expression of M2 markers (including TGF-β1 and IL-10) and chemokines (includ-
ing CCl22 and CCL22) was up-regulated, and the expression of key signals (including 
STAT6, JAK-1, p-AKT1, and Arg-1) was also up-regulated, which were significantly 
different compared with the control group (Con). In addition, the intervention effect 
of CRNDE on THP-1 was consistent between co-culture with H22 cells and IL-4/13 
induction assay. The induced M2 THP-1 cells were co-cultured with HUVEC. As a 
result, THP-1 cells with CRNDE overexpression can promote the migration and an-
giogenesis of HUVEC cells in vitro and simultaneously up-regulate the expression of 
Notch1, Dll4 and VEGFR2, indicating that THP-1 M2 polarization induced by CRNDE 
could further promote angiogenesis. The H22 cell tumour-bearing mouse model 
was constructed, followed by injection of CRNDE anti-oligosense nucleotides and 
overexpression plasmids to interfere CRNDE expression in tumour-bearing tissues. 
Consequently, down-regulation of CRNDE could down-regulate tumour volume, si-
multaneously down-regulate the expression of CD163 and CD31 in tissues, decrease 
the expression of key proteins (including JAK-1, STAT-6, p-STAT6 and p-AKT1), and 
down-regulate the expression of key angiogenesis-related proteins (including VEGF, 
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1  | INTRODUC TION

Tumour-associated macrophages (TAM) play an important role in 
the regulation of tumour microenvironment. According to different 
functions and phenotypes, macrophages can be divided into M1 
type (classical activated macrophages) and M2 macrophages (alter-
natively activated macrophages).1,2 M2 macrophages (M2-TAM) are 
vitally involved in tumour invasion and metastasis. First, M2-TAM 
can promote tumour angiogenesis and provide nutrition for tumour 
growth.3 Second, M2-TAM can promote the invasion and migration 
of tumour cells by degrading extracellular matrix (ECM). Before 
tumour metastasis, macrophages are recruited to remote organs 
to secrete cytokines to improve the tissue microenvironment, 
thereby providing suitable microenvironment for the distant me-
tastasis and survival of tumour cells.4 In addition, M2-TAM can also 
secrete TGF-β, IL-10, etc to inhibit tumour immunity.5,6 In multiple 
stages of tumour progression, macrophages can exhibit different 
phenotypes. The formation of tumour microenvironment can pro-
mote the transformation of M1 to M2. M1 macrophage is dominant 
in early tumour tissues, which can inhibit angiogenesis and acti-
vate tumour immunity. After tumour progression, M2 macrophage 
becomes the dominant type in the microenvironment infiltration, 
and the increased M2 proportion is parallel to the tumour vessel 
density.7,8 Recent studies have demonstrated that the correlation 
between tumour cells and the microenvironment can be achieved 
through non-coding RNA. Liver cancer is a type of malignant tu-
mour with relatively poor prognosis. Similarly, exosomes derived 
from liver cancer cells can affect tumour microenvironment, sup-
porting for tumour progression.9,10

CRNDE currently has few reports on the regulation of tumour 
microenvironment, so it is necessary to further explore its expres-
sion and mechanism in liver cancer, which can provide a new ref-
erence for immunotherapy of liver cancer. Therefore, this research 
starts with the polarization of macrophages, acting CRNDE pro-
motes the M2 type polarization of macrophages and promotes the 
role and mechanism of tumour angiogenesis.

At present, CRNDE has been rarely investigated in regulating 
tumour microenvironment. Therefore, it is necessary to further 
explore its expression and mechanism in liver cancer, which can 
provide new reference for immunotherapy in liver cancer. To this 
end, in this study, we investigated the role of mechanism of CRNDE 

in promoting tumour angiogenesis by promoting macrophage M2 
polarization.

2  | MATERIAL AND METHODS

2.1 | Construction of THP-1 cell line and induction 
of M2 polarization

THP-1 cells with down-regulated expression of CRNDE were con-
structed by shRNA. shRNA-CRNDE oligo sequence was shown 
as follows: Forward: gatccGGTGTTAAGTGTGATGCTTCCCTTC-
CTGTCAGAGGAAGCATCACACTTAACACCTTTTTg; Reverse: 
aattcAAAAAGGTGTTAAGTGTGATGCTTCCTCTGACAGGGAAGC-
CDEG. The synthesis of shRNA-CRNDE and lentivirus packaging 
were performed by Invitrogen. THP-1 cells were transfected with 
shRNA-CENDE lentivirus to construct cell line with low CRNDE ex-
pression, which was defined as THP-1-shRNA.

pcDNA3.1-CRNDE was used to construct THP-1 cells with 
CENDE overexpression. The detailed transfection method was 
shown in the following. The eukaryotic plasmid pcDNA3.1-CRNDE 
(Genepharm Biotechnology Co., Ltd., Shanghai, China) was used for 
CRNDE overexpression. THP-1 cells were maintained in complete 
medium at 37°C containing 5% CO2 saturated humidity. Cells were 
passaged every 3-5d. Cells in logarithmic phase were used for trans-
fection. To be specific, cells were seeded into 6-well plates, and trans-
fection was performed when cell confluency reached approximately 
80%. Before transfection, serum-containing medium was discarded, 
and cells were washed with PBS for two times and added 1ml of 
Opti-MEM medium (Gibco, the USA). Afterwards, 1.5μg of plasmid 
and Lipofectamine 2000 were diluted in 100μl Opti-MEM medium 
(Gibco, the USA). After incubation and vortex, the mix was added to 
cells for incubation. After incubation for 6 h, cells were added with 
fresh complete medium for further incubation. The THP-1 cell line 
with CRNDE overexpression was defined as THP-1-pcDNA3.1.

M2 polarization of THP-1 cells was induced by IL-4/13, or liver 
cancer cells H22 were co-cultured with THP-1 cells. In the induc-
tion model, the final concentration of 100ng/ml PMA and 20ng/ml 
IL4/13 was used to induce M2 polarization of THP-1 cells. In the liver 
cancer induction model, H22 cells and THP-1 cells were co-cultured 
in Transwell chambers.

Notch1, Dll4 and VEGFR2). In this study, we found that CENDE could indirectly regu-
late tumour angiogenesis by promoting M2 polarization of macrophages, which is also 
one of the mechanisms of microenvironmental immune regulation in liver cancer.

K E Y W O R D S
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2.2 | Methods to detect M2 polarization of THP-
1 cells

2.2.1 | Viability of THP-1 cells by CCK-8 assay

THP-1 cells were cultured at 37°C in an incubator containing 5% CO2 
under induction/co-culture. After co-culture for 6h, 12h, 24h, 36h 
and 48 h, cell viability was tested. After replacing the medium without 
culture medium, 10μl of CCK-8 reagent was added for staining. After 
incubating for additional 4 h, the absorbance was measured using a 
microplate reader at a wavelength of 450nm. The blank medium was 
used as the control to calculate cell viability (results were shown as %).

2.2.2 | The proportion of F4/80 + CD163+ cells by 
flow cytometry

THP1 cells were induced or co-cultured for 48h. THP-1 cells 
were subsequently collected, washed with PBS for two times and 
fixed with methanol. Cells were further incubated with 10  μl of 
FITC-CD206 and PE-F4/80 antibodies in dark for 20 min, washed 
with PBS for two times, and resuspended in 50 μl of liquid. Samples 
were subjected to flow cytometry (results were shown as %).

2.2.3 | CD163 expression changes by 
immunofluorescence (IF)

THP1 cells were induced or co-cultured for 48h. After discarding cul-
ture medium, THP-1 cells were collected, washed with PBS for three 
times, fixed with 4% formaldehyde at room temperature for 0.5h, 
permeabilized by 0.2% Triton X-100 for 5 min, washed with PBS for 
three times and incubated with CD163 monoclonal antibody at 4°C 
overnight (dilution 1:300, Abcam, Massachusetts, USA). After wash-
ing with PBS for two times, samples were incubated with fluorescent 
secondary antibody, and the slides were subsequently mounted with 
95% glycerol and observed under fluorescent microscope.

2.2.4 | Expression levels of cytokines (including 
VEGF, TGF-β1 and IL-10) and chemokines (including 
CCL22 and CCL24) by ESLIA

THP1 cells were induced or co-cultured for 48h. The supernatant 
was extracted, centrifuged at 3000r/min for 20min and subjected to 
ELISA kit (Abcam, Massachusetts, USA) according to the manufac-
turer's instruction (results were shown as pg/ml).

2.2.5 | Expression of key proteins of M2 polarization 
by Western blot

THP-1 cells were induced or co-cultured for 48 h. Cells were sub-
sequently collected, washed with PBS for two times, lysed in RIPA 

lysis buffer (Beyotime Biotechnology Co., Ltd., Shanghai, China) 
containing PMSF solution (dilution 1:100) (Beyotime Biotechnology 
Co., Ltd., Shanghai, China). Cells were lysed on ice for 0.5h after 
mixing and centrifuged at 12000rpm for 5min. The superna-
tant was collected to determine protein quantitation by BCA kit 
(Beyotime Biotechnology Co., Ltd., Shanghai, China). Afterwards, 
8%-12% SDS-PAGE gels were prepared according to the molecular 
weight. And 5X loading buffer was added to protein supernatant up 
to 20μl. After boiling for 8min, protein samples were subjected to 
electrophoresis at 80V, which was further switched to 120V. After 
electrophoresis, protein samples were transferred to PVDF mem-
brane at 300mA constant current for 0.5-2h. The membranes were 
blocked with 5% skimmed milk for 2h, incubated with proper mon-
oclonal antibodies diluted in TBST (including STAT6, p-STAT6, JAK-
1, AKT1 and p-AKT1, dilution 1:300-500) (Abcam, Massachusetts, 
USA). Afterwards, the PVDF membranes were washed with TBST 
for two times and incubated with HRP-labelled goat anti-rabbit IgG 
antibody (dilution 1:2000) (Abcam, Massachusetts, USA). After in-
cubation, the membranes were visualized by chemiluminescence 
method, and Image-Pro Plus 6.0 software was used to analyse the 
optical density. GAPDH was taken as the internal reference, and 
the results were shown as the comparison between the optical 
density value of the target protein and the optical density value of 
the internal reference.

2.3 | Effects of CRNDE on THP-1-induced 
angiogenesis

After inducing by IL4/13 or co-culturing with H22 cells for 72h, 
THP-1 cells were co-cultured with HUVEC cells to observe the an-
giogenesis of HUVEC cells.

2.3.1 | Change of HUVEC migration ability by 
wound-healing assay

After induction and co-culture, THP-1 cells were co-cultured with 
HUVEC cells in Transwell chambers. HUVEC cells were inoculated 
to reach 80% confluency. Afterwards, a straight line was drawn in 
the middle, followed by co-culture of THP-1 cells and HUVEC cells. 
After 48  hours, the migration of HUVEC cells was observed. The 
results were processed by Image J software and shown as migration 
rate (%).

2.3.2 | Viability of HUVEC cells by CCK-8 assay

THP-1 cells and HUVEC cells were co-cultured at 37°C in an incuba-
tor containing 5% CO2. After co-culture for 0h, 12h, 24h, 36h and 
48 h, cell viability was tested. After replacing the medium without 
culture medium, 10μl of CCK-8 reagent was added for additional in-
cubation for 4 h. The absorbance was subsequently measured using 
a microplate reader at a wavelength of 450nm. The blank medium 
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was used as the control to calculate cell viability (results were shown 
as %).

2.3.3 | Blood formation capacity of HUVEC cells by 
in vitro tube formation assay

After pre-coating Matrigel into the lower layer of Transwell cham-
bers, HUVEC cells were inoculated and further co-cultured with 
THP-1 after cell adherence, followed by observation of formation of 
in vitro blood vessels in HUVEC cells after 48h.

2.3.4 | Chick embryo chorioallantoic 
membrane assay

The chick embryo was incubated in a sterile incubator for 72 h at 
37.8°C with humidity of 60%. Sterile surgical scissors were used 
to punch holes in chick embryos, and 6ml of egg white was sucked 
by using a 10-ml syringe, followed by injection of THP-1 cells into 
the hole. Five chick embryos were set in each group, and the open-
ing was sealed with scotch tape, followed by incubation for 48h. 
Image-Pro Plus 6.1 software was used to analyse the area of blood 
vessels.

2.3.5 | Changes of key protein expression by 
Western blot

THP-1 cells and HUVEC cells were co-cultured for 48 h. Then cells 
were collected, washed with PBS for two times, and lysed in RIPA 
lysis buffer containing PMSF solution for cell lysis and protein 
extraction. The detection of protein expression was the same as 
described above. The dilution of Notch1, Dll-4 and VEGFR-2 mon-
oclonal antibody was 1:500 (Abcam, Massachusetts, USA). After 
antibody incubation, the PVDF membrane was washed with TBST 
for two times and incubated with HRP-labelled anti-rabbit IgG an-
tibody (dilution 1:2000) (Abcam, Massachusetts, USA). After in-
cubation, the membranes were visualized by chemiluminescence 
method, and Image-Pro Plus 6.0 software was used to analyse the 
optical density. GAPDH was taken as the internal reference, and 
the results were shown as the comparison between the optical 
density value of the target protein and the optical density value of 
the internal reference.

2.4 | Effects of CRNDE on tumour-bearing mice

H22 cells in the logarithmic phase were collected and washed 
with PBS for two times. Cell density was adjusted to 5x107/ml 
and followed by injection of 0.2ml of cell suspension into the arm-
pits of the forelegs of nude mice. Nude mice were fed in a clean 

environment, followed by observation of growth of nude mice and 
the formation of solid tumours. Visible subcutaneous solid tumours 
appeared around 10-13 days. At this time, mice were divided into 
Con, anti-CRNDE and pcDNA3.1-CRNDE groups. Mice in the Con 
group were conventionally reared H22 tumour-bearing ones. Mice 
in the anti-CRNDE group were injected with CRNDE anti-oligosense 
nucleotides (Sangon Biotech Company, Shanghai, China) to inhibit 
CRNDE expression. 10  mg/kg anti-oligosense was prepared with 
double distilled water. Mice were injected with 0.3ml of prepared 
anti-oligosense once a week for four consecutive weeks. Mice in the 
pcDNA3.1-CRNDE group was injected with CRNDE overexpression 
plasmid through tail vein. After anaesthesia by inhalation before in-
jection, each mouse was injected with 15μg of plasmid through tail 
vein. The plasmid was diluted to 0.2ml with Ringer's lactate once 
a week for four consecutive weeks. After intervention, mice in the 
anti-CRNDE and pcDNA3.1-CRNDE groups were sacrificed, fol-
lowed by detection of CRNDE expression in the tumour tissues by 
RT-QPCR.

2.4.1 | Expression of CD163 and CD31 by 
immunohistochemistry (IHC)

After mice were killed by carbon dioxide asphyxiation, tumour 
tissues were fixed with 4% paraformaldehyde, embedded with 
paraffin and sectioned. The tissue sections were soaked in 1:50 
acetone solution for 3  min, dried, soaked in xylene for twice 
(10 min each), soaked in absolute ethanol for twice (10 min each), 
soaked in gradient ethanol, rinsed in deionized water for 5  min 
and rinsed in PBS for 5 min. Antigen retrieval was subsequently 
performed at 92-98°C in 0.01 mol/L citrate buffer for 10-15 min, 
followed by cooling for 30 min. The sections were treated with 3% 
hydrogen peroxide for 10-15  min to eliminate endogenous per-
oxidase, blocked with 5% BSA at 37°C for 15-30min. Afterwards, 
the sections were incubated with CD163 and CD31 monoclonal 
antibodies (Abcam, Massachusetts, USA) at 37°C for 1-2h, washed 
with PBS for two times, reacted with secondary antibody at 37°C 
for 30min and washed with PBS for 2min. The sections were in-
cubated with dropwise HRP-labelled avidin at 37°C for 20  min, 
visualized by DAB staining for 3-5 min, counterstained with hae-
matoxylin, soaked in gradient ethanol for 5 min, soaked in absolute 
alcohol for 10 min, soaked in xylene for 10 min, dehydrated and 
sealed with resin.

2.4.2 | Detects key protein expression by 
Western blot

After carbon dioxide asphyxiation, the tumour tissues were taken 
from mice and ground with liquid nitrogen, followed by cell lysis and 
protein extraction using RIPA lysate. The BCA kit was used for pro-
tein quantification, and protein expression detection was the same 
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as described above. The expression of M2 polarization key proteins 
(including STAT6, p-STAT6, JAK-1, AKT1 and p-AKT1) and angiogen-
esis regulatory proteins (including Notch1, Dll-4 and VEGFR-2) was 
detected.

2.5 | Statistical analysis

SPSS19.0 software was used for statistical analysis. The measure-
ment data were expressed as mean ± standard deviation (x±s). One-
way ANOVA was used for comparison between multiple groups, and 
the SNK test was used for comparison between groups. A P <.05 
indicated statistical significance.

3  | RESULTS

3.1 | Effects of CRNDE on IL4/13-induced M2 
polarization of macrophages

IL4/13 is commonly used to induce M2 polarization of macrophages. 
In the study, CRNDE silencing decreased the viability of THP-1 
cells, which was significantly different from the THP-1-Con group 
(P  <.05). However, the overexpression of CRNDE significantly in-
creased cell vitality, which was significantly higher than the THP-
1-Con group (P  <.05), indicating that CENDE was significantly 
correlated with the vitality of THP-1 cells (Figure  1A). CD163 is a 
main marker of M2 macrophages. Flow cytometry was used to 

F I G U R E  1   Effects of CRNDE on M2 polarization of THP-1 cells. A, Cell viability results (n = 5): The cell viability of the THP-1-pcDNA3.1 
group was significantly higher than that of the THP-1-Con group, while the cell viability of the THP-1-shRNA group was significantly 
lower than that of the THP-1-Con group. The expression of CRNDE was associated with the viability of THP-1 cells. Comparison with 
THP-1-Con, *P <.05; **P <.01. B and C, The proportion of F4/80 + CD163+M2 macrophages by flow cytometry (n = 5): The proportion 
of F4/80 + CD163+M2 macrophages in the THP-1-pcDNA3.1 group was significantly higher than that of the THP-1-Con group, while the 
proportion of F4/80 + CD163+M2 macrophages in the THP-1-shRNA group was significantly lower than that of the THP-1-Con group. 
Comparison between groups, *P <.05; **P <.01. D, CD163 expression by immunofluorescence staining (n = 3): The expression of CD163 in 
the THP-1-pcDNA3.1 group was significantly higher than that in the THP-1-Con group, while the expression of CD163 in the THP-1-shRNA 
group was lower than that of the THP-1-Con group
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detect the proportion of F4/80 + CD163+ cells. As a result, the pro-
portion of F4/80 + CD163+ cells in the THP-1-pcDNA3.1 group was 
significantly higher than that of THP-1-Con group, while the propor-
tion of F4/80 + CD163+ cells in the THP-1-shRNA group was signifi-
cantly lower than that of THP-1-Con group, indicating that CRNDE 
affected M2 polarization (Figure  1B,C). IF staining also showed 
that the expression of CD163 in the THP-1-pcDNA3.1 group was 
significantly higher than THP-1-Con group, suggesting that CRNDE 
affected the expression of CD163. And high expression of CRNDE 
could promote the expression of CD163, thereby promoting M2 po-
larization (Figure  1D). In the detection of markers, the expression 
levels of M2 macrophage markers (including VEGF, IL-10, TGF-β1, 
CCl22 and CCl24) in the THP-1-pcDNA3.1 group were significantly 
up-regulated, which was higher than the THP-1-Con group, while 
the expression level in the THP-1-shRNA group was lower than 
THP-1-Con group, indicating that CRNDE was associated with the 

expression of markers of M2 macrophages (Figure  2A-E). JAK1-
STAT6 signal is the main signal of M2 polarization of macrophages 
and is simultaneously involved in the polarization process. In the 
detection of protein expression, CRNDE overexpression could fur-
ther induce the protein expression of JAK1 and STAT6 and promote 
the phosphorylation of STAT6, while the results were opposite after 
CRNDE silencing, indicating that CRNDE could promote the activa-
tion of JAK1-STAT6 signal (Figure 2F-I).

3.2 | Effects of CRNDE on M2 polarization of 
macrophages induced by liver cancer cells

To further verify the tumour-induced M2 polarization of mac-
rophages, H22 cells were co-cultured with THP-1 to investigate 
the effects of CRNDE on tumour-induced macrophage polarization. 

F I G U R E  2   Effects of CRNDE on M2 polarization of THP-1 cells and the mechanism. A-E, Detection of M2 macrophage marker 
expression by CRNDE (n = 5): The expression of M2 macrophage markers in the THP-1-pcDNA3.1 group was significantly increased, which 
was significantly different from the THP-1-Con group. Meanwhile, the expression of M2 macrophage markers in THP-1-shRNA group was 
lower than that of the THP-1-Con group. Comparison between groups, *P <.05; **P <.01. F-I, Effects of CRNDE on JAK-STAT6 and AKT1 
signal expression (n = 3): The expression of JAK1, STAT6, p-STAT6, AKT1 and p-AKT1 in the THP-1-pcDNA3.1 group was significantly higher 
than that of the THP-1-Con group. Meanwhile, the expression level in the THP-1-shRNA group was lower than that of the THP-1-Con group. 
Comparison between groups, *P <.05; **P <.01



     |  4241HAN et al.

Similar with M2 polarization induced by IL4/13, cell viability was sig-
nificantly increased after CRNDE overexpression, while cell viability 
was decreased after CRNDE silencing, which was significantly dif-
ferent from the THP-1-Con group (Figure  3A). In the detection of 
F4/80  + CD163+ cells, the proportion of M2 macrophages in the 
THP-1pcDNA3.1 group was significantly higher than that of the THP-
1-Con, and the proportion of the THP-1-shRNA group was lower 
than that of the THP-1-Con (Figure 3B,C). The IF staining of CD163 
was significant. To be specific, CRNDE overexpression caused 
the up-regulated expression of CD163, while down-regulation of 
CRNDE led to decreased expression of CD163 (Figure 3D). In the 
detection of M2 cell markers, the expression of M2 macrophage 
markers (including VEGF, IL-10, TGF-β1, CCl22 and CCl24) in the 
THP-1-pcDNA3.1 group was significantly higher than that of THP-
1-Con group, while the expression of M2 macrophage markers in 

the THP-1-shRNA group was lower than that of the THP-1-Con 
group, indicating that CRNDE was associated with M2 macrophage 
marker expression (Figure 4A-E). In the detection of the mechanism, 
the protein expression of JAK1, STAT6 and p-STAT6 in the THP-1-
pcDNA3.1 group was significantly higher than that in the THP-1-Con 
group (Figure 4F-I).

3.3 | Effects of IL4/13-induced M2 macrophages on 
angiogenesis in HUVEC

M2 macrophages in tumours are an important factor to induce tu-
mour angiogenesis. To further investigate the effects of CRNDE 
on M2 macrophages-induced angiogenesis, IL4/13-induced M2 
macrophages were co-cultured with HUVEC cells. The HUVEC 

F I G U R E  3   Effects of CRNDE on M2 polarization of THP-1 induced by liver cancer cells H22. A, Cell viability results (n = 5): The cell 
viability of the THP-1-pcDNA3.1 group was significantly higher than that of the THP-1-Con group. The expression of CRNDE was associated 
with THP-1 cell viability. Comparison with THP-1-Con, *P <.05; **P <.01. B and C, Proportion of F4/80 + CD163+M2 macrophages by flow 
cytometry (n = 5): The proportion of F4/80 + CD163+M2 macrophages in the THP-1-pcDNA3.1 cells was significantly higher than that 
of THP-1-Con group, while the proportion in the THP-1-shRNA group was significantly lower than that of THP-1-Con group. Comparison 
between groups, *P <.05; **P <.01. D, CD163 expression by immunofluorescence staining (n = 3): The expression of CD163 in the THP-1-
pcDNA3.1 group was significantly higher than that in the THP-1-Con group, while the expression of CD163 in the THP-1-shRNA group was 
lower than that of the THP-1-Con group
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cell viability induced by THP-1-pcDNA3.1 group was significantly 
higher than that of the THP-1-Con group, while HUVEC cell vi-
ability induced by THP-1-shRNA group was lower than that of 
THP-1-Con group (Figure 5A). In the wound-healing assay, the mi-
gration rate of HUVEC cells induced by THP-1-pcDNA3.1 group was 
79.87 ± 4.55%, while the migration rate of HUVEC cells induced by 
THP-1-Con group was 67.76 ± 5.44%, which was 41.65 ± 8.65% in 
the THP-1-shRNA group (Figure 5B). In vitro vessel formation assay 
showed that the lumen formation of HUVEC cells induced by the 
THP-1-pcDNA3.1 group, the cell nodes, loops and loop areas were 
significantly higher than those in the THP-1-Con group, while the 
THP-1-shRNA group was lower than that of the THP-1-Con group. 
Chick embryo chorioallantoic membrane assay also showed that 
THP-1 cells in the THP-1-pcDNA3.1 group could promote blood 
vessel formation, and the number of capillaries was significantly 
higher than that in the THP-1-Con group. The number of formed 

blood vessels in THP-1-shRNA was significantly lower than that of 
the THP-1-Con group (Figure 5C). The expression of key angiogen-
esis proteins (including VEGFR2, Notch1 and Dll4) was significantly 
up-regulated in the HUVEC induced by THP-1-pcDNA3.1, while the 
expression in the THP-1-shRNA group was lower than that in the 
THP-1-Con group (Figure 5D,E).

3.4 | Effects of M2 macrophages induced by liver 
cancer cell H22 on angiogenesis in HUVEC

Angiogenesis induction assay was performed on M2-THP-1 after 
co-culture with H22 cells. The results were similar to IL-4/13-
induced M2 macrophages. The HUVEC cell viability induced by 
THP-1-pcDNA3.1 group was significantly higher than that of 
THP-1-Con group (Figure 6A). The migration rate of HUVEC cells 

F I G U R E  4   Effects of CENDE on the expression of M2 macrophage markers and key protein expression. A-E, Detection of M2 
macrophage marker expression (n = 5): The expression of M2 macrophage markers was significantly increased in the THP-1-pcDNA3.1 
group, which was significantly different from the THP-1-Con group. Meanwhile, the expression in the THP-1-shRNA group was lower than 
that of THP-1-Con group. Comparison between groups, *P <.05; **P <.01. F-I, Effects of CRNDE on JAK-STAT6 and AKT1 signal expression 
(n = 3): The expression of JAK1, STAT6, p-STAT6, AKT1 and p-AKT1 in the THP-1-pcDNA3.1 group was significantly higher than that of the 
THP-1-Con group. Meanwhile, the expression level in the THP-1-shRNA group was lower than that of the THP-1-Con group. Comparison 
between groups, *P <.05; **P <.01
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induced by THP-1-pcDNA3.1 group was 74.87 ± 8.56%, while the 
migration rate of HUVEC cells induced by THP-1-Con group was 
60.16  ±  5.91%, which was 38.34  ±  6.12% in the THP-1-shRNA 
group (Figure 6B). In vitro vessel formation assay showed that the 
tube formation of HUVEC cells induced by the THP-1-pcDNA3.1 
group, the cell nodes, loops and loop areas were significantly 
higher than those in the THP-1-Con group. Chick embryo chorioal-
lantoic membrane assay also showed that THP-1 cells in the THP-
1-pcDNA3.1 group could promote blood vessel formation, and the 
number of capillaries was significantly higher than that in the THP-
1-Con group (Figure 6C). The levels of key angiogenesis protein (in-
cluding VEGFR2, Notch1 and Dll4) were significantly up-regulated 
in HUVEC induced by THP-1-pcDNA3.1, while the expression of 
was lower in THP-1-shRNA group than that in THP-1-Con group 
(Figure 6D,E).

3.5 | Effects of CRNDE on angiogenesis in tumour-
bearing mice

To further confirm the effects of CRNDE on angiogenesis in mice, 
liver cancer cell line H22 was used to construct tumour-bearing 
mouse model and CRNDE anti-oligosense was used to inhibit the 
expression of CRNDE. As a result, the expression of CD163 and 
CD31 in the tissues of the anti-CRNDE group was significantly lower 
than that in the Con group. CD163 is a marker of M2 macrophages, 
and CD31 is a marker of tumour blood vessels. The down-regulated 
expression indicates weaker angiogenesis, which is positively cor-
related with CD163 (Figure  7A). After the injection of pcDNA3.1-
CRNDE, the overexpression of CRNDE significantly increased the 
expression of CD163 and CD31. The expression of M2 macrophage 
key signal proteins (including STAT6, p-STAT6, JAK1, AKT1 and 

F I G U R E  5   Effects of IL4/13-induced M2 macrophages on in vitro angiogenesis. A, Effects of M2 macrophages on HUVEC cell viability 
(n = 5): The cell viability of THP-1-pcDNA3.1 group was significantly higher than that of the THP-1-Con group. CRNDE expression was 
associated with THP-1 cell viability. Comparison with THP-1-Con group, *P <.05; **P <.01. B, Results of HUVEC cell migration ability (n = 5): 
The cell migration ability of the THP-1-pcDNA3.1 group was significantly increased than that of the THP-1-Con group. C, In vitro tube 
formation assay of HUVEC and chick embryo chorioallantoic membrane assay (n = 5): the vessel formation of the THP-1-pcDNA3.1 group 
was significantly increased than that of THP-1-Con group. D and E, Expression of key signal proteins of angiogenesis (n = 3): The expression 
of Notch1, Dll4 and VEGFR2 proteins in the THP-1-pcDNA3.1 group was significantly higher than that in the THP-1-Con group, and the 
expression in the THP-1-shRNA group was lower than the THP-1-Con group. Comparison with THP-1-Con, *P <.05; **P <.01
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p-AKT1) was significantly higher in mouse tissues in the pcDNA3.1-
CRNDE group than that in the Con group (Figure 7B,C). Meanwhile, 
the expression of angiogenesis-related protein (including VEGFR2, 
Notch1 and Dll4) was also up-regulated (Figure 7D,E).

4  | DISCUSSION

LncRNA is a type of nucleotide with a transcription length over 200 
nt without open reading frame. LncRNAs are able to regulate tumour 
cell functions. Additionally, lncRNAs can regulate gene expression 
from different levels such as chromatin recombination, transcrip-
tion and post-transcription.11,12 CRNDE is a multifunctional lncRNA. 
Graham et al 13 first reported that the expression of CRNDE was 
up-regulated in colorectal adenoma and colorectal cancer. CRNDE 

is barely expressed in normal colon tissues and liver tissues, but in-
creased in colon tissues, rectal cancer, glioma, gastric cancer and 
liver cancer, suggesting that CRNDE exerts a regulatory effect on 
tumours.14,15 The expression of CRNDE is up-regulated in human 
liver cancer tissues and is also associated with clinical staging and 
lymph node metastasis.16 By using RNA sequencing technology to 
analyse the expression of lncRNA, Esposti found that the expres-
sion of CRNDE was up-regulated, which could be used as a poten-
tial diagnostic marker for the prognosis of liver cancer.17 Moreover, 
CRNDE has a regulatory effect on promoting the viability and prolif-
eration of liver cancer cells in vitro and also plays an important role in 
angiogenesis and tumour growth. Studies have shown that CRNDE 
can promote the proliferation, migration and invasion of liver can-
cer cells by inhibiting miRNA-384 and regulating the expression of 
NF-κB and p-AKT.18Our previous study found that miRNA-136 can 

F I G U R E  6   H22-induced M2 macrophages-induced angiogenesis. A, HUVEC cell viability results (n = 5): The cell viability of the THP-
1-pcDNA3.1 group was significantly higher than that of the THP-1-Con. Comparison with THP-1-Con, *P <.05; **P <.01. B, HUVEC cell 
migration assay (n = 5): The cell migration capacity of THP-1-pcDNA3.1 group was significantly enhanced than that of THP-1-Con group. C, 
In vitro tube formation assay of HUVEC and chick embryo chorioallantoic membrane assay (n = 5): The vessel formation ability of THP-1-
pcDNA3.1 group was significantly enhanced than THP-1-Con group. D and E, Expression of key signal proteins for angiogenesis (n = 3): The 
protein expression of Notch1, Dll4 and VEGFR2 in the THP-1-pcDNA3.1 group was significantly higher than that of the THP-1-Con group, 
and the expression in the HP-1-shRNA group was lower than that of the THP-1-Con group. Comparison with THP-1-Con, *P <.05; **P <.01
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target CD163 and inhibit M2 macrophage polarization. It is predicted 
that CRNDE is the regulatory gene of miRNA-136, so this is achieved 
through the action of ceRNA. We use ‘DIANA-LncBase V2’ database 
for prediction and verify it by experiments.

Macrophages can be divided into M1 (classically activated) and 
M2 type (alternatively activated) according to their phenotype and 
secretory cytokines. The polarization classification of macrophages 
widely exists in tumours, fats and other tissues and organs, which is 
also suggestive of prognosis. The common surface markers of M1 
macrophages include HLA-DR, CD197, etc After polarization, M1 
macrophages can secrete TNF-α, iNOS, ROS, etc,19 which mainly 
exert the inflammatory response against microorganisms and play 
the host immune function, while might simultaneously cause inflam-
matory damage to normal tissues. Common markers of M2 mac-
rophages include CD163, CD301, etc.20 To be specific, F4/80 is a 
common marker of M1 and M2 macrophages, and multiple indicators 

are commonly used to distinguish polarization. M2 macrophages 
mainly secrete IL-10, VEGF, TGF-β1, etc to promote wound repair 
and fibrosis.21 In tumour research, M2 macrophages mainly play a 
role to promote tumour growth and tumour angiogenesis. It is gen-
erally believed that M1 macrophages can kill tumour cells while M2 
macrophages can promote tumour progression. However, mutual 
transformation between M1 and M2 type macrophages is common 
in tumours, which is related to the occurrence and development of 
tumours. Macrophages play different roles in different stages of 
tumourigenesis.

The expression of CRNDE in THP-1 cells was interfered, and 
IL4/13 was used to induce M2 polarization. The collaborative in-
tervention of IL-4/13 is a common model of macrophage M2 polar-
ization. As a result, down-regulation of CRNDE could inhibit THP-1 
cell viability. The effect of macrophages is significantly associated 
with cell viability. While overexpression of CRNDE could promote 

F I G U R E  7   Effects of CRNDE on M2 macrophages and tumour angiogenesis in tumour-bearing mice. A, Immunohistochemical staining 
of CD163 and CD31 and H&E staining results of mouse tumour tissues (n = 5): H&E staining showed no obvious tissue lesions among the 
three groups of mice. The level of CD163 and CD31 in the anti-CRNDE group was lower than Con group, while the expression of CD163 and 
CD31 was higher in the pcDNA3.1-CRNDE group than the Con group. B and C, Expression of key protein of M2 macrophage polarization 
(n = 3): The protein expression in the pcDNA3.1-CRNDE group was significantly higher than that in the Con group, while the expression of 
the anti-CRNDE group was lower than that of the Con group. Comparison with Con, * P <.05; **P <.01. D and E, Expression of key proteins 
in angiogenesis (n = 3): The protein expression in the pcDNA3.1-CRNDE group was significantly higher than that in the Con group, while the 
expression of the anti-CRNDE group was lower than that of the Con group. Comparison with Con, *P <.05; **P <.01
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the viability of THP-1, demonstrating that CRNDE plays a vital role 
on the viability of THP-1. CRNDE also exerted an effect on the pro-
portion of F4/80 + CD163+M2 macrophages after induction. When 
CRNDE was overexpressed, the cell proportion was significantly up-
regulated, which was associated with the high expression of CD163. 
IF staining also showed that CD163 was regulated by CRNDE. In tu-
mour immune research, JNK signalling has been reported to play an 
important role in M2 polarization. When JNK1 inhibitors are used, 
the proportion of M2 cells is significantly down-regulated, and the 
expression of Arg-1 and Mrc1 is also down-regulated. JNK1 plays 
an important role.22 In its downstream STAT receptor, the expres-
sion of STAT6 is associated with M2 polarization.23 Studies have 
found that high expression of CRNDE can promote the expression 
of JNK1, STAT6 and AKT1. PI3K signalling also plays an important 
role in macrophage polarization mainly by activating downstream 
AKT1. When CRNDE is overexpressed, JNK-1, AKT1 and STAT6 are 
all activated, indicating that CRNDE promotes M2 polarization. H22 
cells were co-cultured with THP-1 cells to simulate the effect of tu-
mour microenvironment on macrophage polarization. Consequently, 
overexpression of CRNDE promoted the M2 polarization of THP-1 
and activated the expression of JNK-1, AKT1 and STAT6. Therefore, 
through the above experiments, we have confirmed that CRNDE 
could promote the M2 polarization of THP-1 cells.

M2 macrophages are mainly associated with tumour angiogen-
esis. The induced M2-THP-1 cells were co-cultured with HUVEC. 
As a result, IL-4/13-induced M2 macrophages could promote the 
angiogenesis of HUVEC, and CRNDE overexpression could further 
promote the formation of blood vessels. H22-induced THP-1 cells 
could also promote the formation of HUVEC, which was similar to 
that after IL-4/13 induction. These findings indicated that CRNDE 
could further promote the formation of tumour blood vessels by in-
ducing macrophages M2 polarization. In vivo experiments in mice 
also revealed that CRNDE inhibition can decrease the expression of 
CD163 and CD31. CD31 is a marker of tumour angiogenesis, and 
down-regulation of CD31 can reflect the inhibition of vascular pro-
liferation. Therefore, CRNDE is also associated with macrophage 
M2 polarization and blood vessel formation in the tumour-bearing 
mouse model.

5  | CONCLUSION

In this study, we have found that lncRNA-CRNDE can promote the 
M2 polarization of macrophages through the high expression of 
CD163 to further promote tumour angiogenesis, which is one of the 
mechanisms by which CRNDE promotes liver cancer progression.
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