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Abstract. Accumulating evidence demonstrated that Hox 
antisense intergenic RNA (HOTAIR) serves essential roles in 
the development and metastasis of several types of cancer. In 
hepatocellular carcinoma (HCC), high expression of HOTAIR 
is associated with poor prognosis, and HOTAIR regulates 
cell migration and proliferation. However, the downstream 
molecular targets of HOTAIR depend on the cancer cell types, 
and little is known about the precise molecular mechanisms of 
HOTAIR involved in cancer development. The present study 
investigated the role of HOTAIR in HCC cell lines. Notably, 
the overexpression of HOTAIR in HCC cell lines did not affect 
cell migration and proliferation capability. In the microarray 
analysis, C‑C motif chemokine ligand (CCL)2 was identified to 
be differentially expressed in HOTAIR‑overexpressing cells, 
and it was confirmed that HOTAIR promotes the secretion 
of CCL2. Furthermore, it was revealed that the proportion of 
macrophages and myeloid‑derived suppressor cells (MDSCs) 
were increased when peripheral blood mononuclear cells were 

co‑cultured with HOTAIR‑overexpressing cells. Collectively, 
these data suggest that HOTAIR regulates CCL2 expression, 
which may be involved in the recruitment of macrophages and 
MDSCs to the tumor microenvironment.

Introduction

Hox antisense intergenic RNA (HOTAIR), a lncRNA that 
acts as an oncogenic molecule in various types of cancer, is 
localized to the HOXC gene cluster. HOTAIR interacts with 
PRC2 (polycomb repressive complex 2) to enhance H3K27 
trimethylation, and thereby decreases the expression of a large 
number of genes. Several groups, including our laboratory, 
have reported that high HOTAIR expression is correlated with 
a poor prognosis in several types of cancer, including breast (1), 
colorectal (2), non‑small lung cell (3), and gastric cancer (4). 
Interestingly, recent report suggested that effects of HOTAIR 
are strongly tissue‑dependent and can even differ within the 
same type of cancer (5). Thus, the underlying mechanism by 
which HOTAIR is involved in malignant progression remains 
uncertain.

Hepatocellular carcinoma (HCC) is the fifth leading cause 
of cancer and second leading cause of cancer‑related mortality 
worldwide. More than 600,000 deaths are associated with 
HCC every year worldwide (6). Previous report suggested that 
the expression of HOTAIR is associated with tumor recurrence 
and poor prognosis in hepatocellular carcinoma (7,8). Several 
in vitro analyses were reported using HCC cell line, HepG2; 
HOTAIR is a FOXC1‑activated driver of malignancy, which 
acts in part through the repression of miR‑1 in HepG2 cells (9). 
HOTAIR silence activates P16Ink4a and P14ARF signaling by 
enhancing miR‑218 expression and suppressing Bmi‑1 expres-
sion, resulting in the suppression of tumorigenesis in HepG2 
cells (10). Introduction of human HOTAIR into HepG2 cells 
revealed that HOTAIR promoted more rapid proliferation (7). 
Although different intracellular signaling are expected among 
multiple HCC cell lines, the research of HOTAIR using HCC 
cell lines except for HepG2 is not fully performed.
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The tumor microenvironment is known to play important 
roles in cancer development and behavior (11). Macrophages 
are a component of the microenvironment in tumors, which 
called tumor‑associated macrophages (TAMs). Four decades 
ago, TAMs from malignant metastatic cancers were reported 
to promote tumor growth and metastasis (12). Recently, TAMs 
can also promote initiation of tumor cells, inhibit antitumor 
immune responses mediated by T cells, and stimulate tumor 
angiogenesis and subsequently tumor progression (13).

Myeloid‑derived suppressor cells (MDSCs) are another 
critical component in the microenvironment (14). MDSCs are a 
heterogeneous group of immature myeloid cells and expanded 
in response to a variety of tumor factors. An increased 
presence of MDSCs is associated with tumor progression 
and poorer outcomes. In HCC patients, MDSCs defined as 
CD14+HLA‑DR‑/low cells exert their immunosuppressive func-
tion through the induction of CD4+CD25+Foxp3+ regulatory  
T cells (15).

Chemoattractants including chemokines such as CCL2 
and CCL5, and cytokines (for example, CSF‑1 and members 
of the VEGF family) are important mediators of the recruit-
ment and functional polarization of TAMs. CCL2 is highly 
upregulated in HCC patients  (16), and inhibition of CCL2 
could be an effective therapeutic approach against hepatocel-
lular carcinoma (17). The CCL2 is required for recruitment of 
monocytes/macrophages and is implicated in various aspects 
of liver pathology, including HCC (16). Furthermore, recent 
study suggested that microenvironment‑derived CCL2 results 
in the accumulation of MDSCs in glioma (18). Thus, CCL2 is 
critical for immunosuppression to promote cancer metastasis. 
It is well‑known that tumor cells as well as stromal cells were 
thought to be the source of CCL2 in established tumors (19). 
However, it is not still elucidated how HCC cells regulate 
CCL2 production.

In this study, we examined whether HOTAIR‑expressing 
cancer cells exert the malignant phenotypes. We investigate 
the effect of HOTAIR against both cancer cell itself and 
peripheral blood monocyte cells (PBMCs) as immune cells in 
tumor microenvironment.

Materials and methods 

Ethics statement. The present study was conducted according 
to the principles expressed in the Declaration of Helsinki and 
was approved (MCC‑AE‑2016‑7) by the Ethics Committees 
at the Miyagi Cancer Center Research Institute (Natori, 
Japan). Experimental protocols involving animals were 
approved by the Miyagi Cancer Center Animal Care and Use 
Committee.

Cell lines and cell culture. Hepatoma cell line Li‑7 and Hep3B 
was obtained from RIKEN BioResource Center (Tsukuba, 
Japan) and Cell Resource Center for Biomedical Research Cell 
Bank, Institute of Development, Aging, and Cancer, Tohoku 
University (Sendai, Japan), respectively. These cells were 
maintained in Dulbeccos modified Eagles medium (DMEM; 
Gibco Life Technologies, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (Euro‑Clone, Milano, Italy) and 
1% penicillin‑streptomycin (Gibco Life Technologies). Cells 
were cultured in a humidified 5% CO2 incubator at 37˚C.

Retroviral transfection. Human HOTAIR cDNA (obtained 
from Addgene, Cambridge, MA, USA) was amplified by PCR 
and inserted into the pBabe‑hygro vector (pBabe‑HOTAIR). 
The recombinant retrovirus was produced with the 
Platinum‑A packaging‑cell line (Plat‑A, kindly provided by 
Prof. Kitamura, Tokyo University) as described previously (3). 
Briefly, Plat‑A cells were transfected with pBabe‑HOTAIR 
or a pBabe‑hygro empty vector (Empty). FugeneHD (Roche 
Applied Science, Mannheim, Germany) and Opti‑MEM I 
(Gibco Life Technologies) were added following the 
manufacturers protocol. The retrovirus‑containing supernatant 
was collected 48 h after transfection and passed through a 
0.45‑µm filter. Li7 and Hep3B cells were infected with the 
recombinant retroviruses and then selected with hygromycin.

Isolation of peripheral blood mononuclear cells (PBMCs). 
The heparinized blood was collected from healthy donors, 
and isolated by density gradient centrifugation using 
Lymphoprep (Axis-Shield PoC AS, Oslo, Norway) following 
the manufacturers protocol.

Wound‑healing assay. Cells were seeded in 24‑well plates 
in normal cell‑growth medium, incubated until confluent, 
and a yellow pipette tip was used to make a straight scratch, 
simulating a wound. After a 24 h incubation, the area occupied 
by cells that had migrated into the scratch area was measured 
using NIS‑Elements software (Nikon, Tokyo, Japan).

Co‑incubation assay. A trans‑membrane of 0.4 µm pore size 
(Corning Life Science, Pittsburgh, PA, USA) was used for 
the analysis of soluble factors secreted by HOTAIR over-
expressing hepatoma cell lines or HOTAIR‑overexpressing 
hepatoma cell lines. The upper chamber included PBMCs 
(1x106 cells/500  µl) from healthy donors, and the lower 
chamber included HOTAIR‑overexpressing hepatoma cell 
lines (1.0x105 cells/500 µl). After 72 h co‑incubation at 37˚C 
under an atmosphere of 5% CO2, multicolor FACS analysis 
was performed.

Flow cytometry analysis. To determine the frequency of 
proportions of macrophages and MDSCs, the cells were 
stained with specific antibodies for 30 min at 4˚C, washed 
twice, and subsequently analyzed using a FACSCanto II 
(Becton Dickinson, CA). The antibodies used: anti‑human 
APC‑CD14 (clone: HCD14), FITC‑CD68 (clone: Y1/82A), 
Pacific Blue‑HLA‑DR (clone: L243), PE‑CD33 (clone: P67.6), 
APC/Cy7‑CD11b (clone: ICRF44 ), and 7‑AAD for dead cell 
removal. All monoclonal antibodies used in this study were 
purchased from BioLegend, Inc., (San Diego, CA, USA).

ELISA assay. Enzyme‑linked immunosorbent assay 
(ELISA) kits for CCL2 were purchased (R&D Systems, Inc., 
Minneapolis, MN, USA), and ELISA was performed according 
to manufacturers instruction.

Microarray analysis. A microarray analysis was performed to 
search for genes regulated by HOTAIR. We used the SurePrint 
G3 Human GE 8x60K Microarray (Agilent Technologies, 
Santa Clara, CA, USA) to profile the gene expression in control 
and HOTAIR‑overexpressing Li‑7 cells. The obtained gene 
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expression data were expressed in logarithmic scale, and heat 
maps were generated using the weighted average difference 
(WAD) algorithm (20). The analyses were performed using R 
software.

RNA preparation, cDNA synthesis, and quantitative real‑time 
RT‑PCR. Total RNA was extracted from HCC cell lines by 
RNeasy mini kit (Qiagen Inc., Valencia, CA, USA) according 
to the manufacturers protocol. cDNAs were synthesized from 
1.0 µg of total RNA with the PrimeScript 1st Strand cDNA 
Synthesis kit (TaKaRa Bio, Shiga, Japan) following the 
manufacturers protocol.

HOTAIR expression was quantified as previously 
described (3). The primer sequences used: for HOTAIR, F 5'‑ggt​
aga​aaa​agc​aac​cac​gaa​gc‑3' and R 5'‑aca​taa​acc​tct​gtc​tgt​gag​tgc​c‑3'. 
HOTAIR expression was normalized to RNA polymerase 
II (RPII) expression in each sample, and calculated by ddCt 
methods (21) (LighCycler480; Roche, Basel, Switzerland). All 
statistics were performed at the ∆Ct stage in order to exclude 
potential bias due to averaging of data transformed through 
the equation 2‑∆∆Ct. Statistical analysis was undertaken using 
Student t‑test.

Statistical analysis. All statistical analyses were performed 
using JMP 11 (SAS Institute, Cary, NC, USA). P<0.05 indi-
cated that the difference was statistically significant using 
Students t‑test. Graphs show average and standard deviation 
unless otherwise specified. 

Results

Overexpression of HOTAIR in Li‑7 cells did not alter cell 
proliferation and migration. To evaluate the role of HOTAIR 
in HCC, we used human HCC cell line Li‑7 which expressed 
relatively lower HOTAIR (Fig. 1A) to generate cells that stably 
overexpressed HOTAIR (Fig. 1B). These HOTAIR‑transduced 
cells overexpressed HOTAIR at levels 128‑fold higher 
(Li7‑HOTAIR) than did empty vector‑transduced cells. We 
assayed the effect of HOTAIR on cell proliferation using a 
MTT and found that HOTAIR overexpression in Li‑7 cells did 
not alter their proliferation compared to control cells (Fig. 1C). 
We evaluated HOTAIRs role in migratory capability 
with a wound‑healing assay, and found that the HOTAIR 
overexpression did not alter their migration compared to 
control cells (Fig. 1D). We further tested tumorigenicity of 
HOTAIR‑overexpressing cells using NOD/Shi‑scid‑IL2Rγnull 
(NOG) mice. Because NOG mice are severely immunodifi-
cient, tumorigenicity assay using NOG mice can reveal the 
proliferation and colonization capability of cancer cell, and 
not evaluate the tumor immunity. No significant difference 
was found between HOTAIR‑overexpression and control cells 
(Fig. 1E). These data indicated that HOTAIR did not alter 
malignant phenotypes in Li‑7 cells.

CCL2 secretion was induced by HOTAIR. Since our results 
showed that HOTAIR did not regulate cancer phenotypes, 
which is different from previous studies using HepG2 cells, 
we screen the effect of HOTAIR in HCC cell lines to identify 
the different role of HOTAIR in HCC cells. We compared 
gene expression profiles between HOTAIR‑overexpression 

and control Li‑7 cells by microarray analysis using a weighted 
average difference (WAD) algorithm (Fig. 2A). Analysis of the 
microarray data showed that CCL2, also referred as monocyte 
chemoattractant protein 1, was differentially expressed in the 
overexpressing and control Li‑7 cells. Real‑time PCR and 
ELISA results confirmed that CCL2 was upregulated in the 
Li‑7‑HOTAIR cells (Fig. 2B and C). These results suggested 
that CCL2 acts downstream of HOTAIR in HCC.

HOTAIR‑overexpression induced macrophage and MDSC 
proliferation in Li‑7 and Hep3B cells. Because CCL2 is known 
to recruit TAMs and MDSCs, we examined the effect of 
HOTAIR‑overexpressing Li‑7 cells against PBMCs (Fig. 3A). 
The proportion of CD14+HLA‑DR+CD68+ macrophages were 
increased in PBMCs co‑cultured with HOTAIR‑overexpressing 
cells (Fig. 3B). Furthermore, CD14+HLA‑DR‑CD33+CD11b+ 
MDSCs were also increased in co‑cultured PBMCs (Fig. 3C).

To confirm the effect of HOTAIR against macrophages 
and MDSCs, we established HOTAIR‑overexpressing cells 
using another HCC cell line, Hep3B. HOTAIR was expressed 
89‑fold higher in HOTAIR‑overexpressing Hep3B cells 
than in control cells (Fig.  3D). We measured the expres-
sion of CCL2, and found that CCL2 was upregulated in the 
Hep3B‑HOTAIR cells (Fig. 3E). Then we investigated the 
effect of HOTAIR‑overexpressing Hep3B cells against PBMCs 
using co‑culture method, and found that the proportion of 
macrophages (Fig. 3F) and MDSCs (Fig. 3G) were increased 
by co‑cultured HOTAIR‑overexpressing Hep3B cells, which is 
compatible with the data using Li‑7 cells.

Collectively, these data suggested that HOTAIR in HCC 
cell lines plays critical roles in the promotion of macrophage 
and MDSC, through the secretion of cytokines and/or chemo-
kines by HCC cells.

Discussion

In this study, we demonstrated that HOTAIR‑overexpressing 
cells secreted higher CCL2 and promotes macrophage/MDSC 
proliferation. Previous report indicated that CCL2 is required 
for recruitment of macrophage and accumulation of MDSCs 
in the tumor microenvironment (16,18), suggesting that high 
expression of HOTAIR in cancer cells recruit TAMs/MDSCs 
through the secretion of CCL2, resulting in promoting tumor 
growth and metastasis. To the best of our knowledge, this is the 
first report that HOTAIR can affect the surrounding immune 
cells through humoral factor such as CCL2. CCL2 is known to 
be highly expressed in HCC, and believed to be a good target 
for immunotherapy (16). To test whether HOTAIR could be a 
specific target for immunotherapy against CCL2, we analyzed 
the correlation between CCL2 and HOTAIR expression in 
Gene Expression Omnibus (GEO) data set of HCC (GSE2109, 
n=40). We found that the group consist of patients with high 
expression level of both CCL2 and HOTAIR tended to associ-
ated with advanced clinical stages (P=0.078, data not shown). 
This data could be compatible with our findings in this study, 
although statistical significant was not reached due to the small 
scale of cases. Further study will be required to elucidate the 
role of HOTAIR in human tissue.

 Several reports indicated the regulatory mechanisms 
of CCL2 production: the transcription of the CCL2 gene is 
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Figure 1. HOTAIR‑overexpressing cells did not alter malignant phenotypes. (A) HOTAIR expression in four human hepatocellular carcinoma (HCC) cell 
lines. HOTAIR expression was determined by real‑time PCR, and normalized to the Huh7 cell line. (B) HOTAIR expression in Li‑7 cells transduced with a 
HOTAIR‑overexpressing (HOTAIR) or empty vector (Empty), determined by real‑time PCR. *P=0.0004, n=3. (C) Cell‑proliferation assays in Li‑7 cell line. 
The optical density was normalized at day 1. HOTAIR expression was normalized to the Empty cells. (D) Wound‑healing assays in Li‑7 cell line. N.S, not 
significant. (E) Tumorigenicity was assayed by injecting HOTAIR‑overexpressing or control cells subcutaneously into NOG mice; graph shows average tumor 
volume and standard error.

Figure 2. The secretion of CCL2 was increased in HOTAIR‑overexpressing cells. (A) Heatmap showing the expression profiles of top 20 genes upregulated 
in HOTAIR‑overexpressing (HOTAIR1‑4) cells compared to control (EV1‑4) Li‑7 cells as determined by microarray analysis using the weighted average 
difference (WAD) algorithm. Red and green indicate higher and lower expression, respectively. (B) CCL2 expression determined by real‑time PCR in Li‑7 
cells. *P<0.0001, n=4. CCL2 expression was normalized to the Empty cells. (C) CCL2 expression of culture supernatant determined by ELISA in Li‑7 cells. 
*P=0.0002, n=5.
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shown to increase in response to stimuli, such as TNF or LPS, 
by the binding of NF‑kB dimers to two distal NF‑kB binding 
sites in murine fibroblasts (22). SP1 also regulates the basal 
level transcription of the CCL2 gene by binding to a GC‑box 
located in the proximal region of the 5'‑UTR (23). In this study, 
we demonstrated that HOTAIR can regulate CCL2 produc-
tion in a HCC cell line. Recent study suggested that SP1 is a 

target of miR‑326, and HOTAIR can modulate the pathway of 
miR‑326/SP1 pathway (24). Thus, we speculate that HOTAIR 
regulate CCL2 through the transcriptional factors such as SP1.

 Previous study suggested that introduction of human 
HOTAIR into liver cancer cells revealed that HOTAIR 
promoted more rapid proliferation compared to control 
HepG2 cells (7). Another report demonstrated that HOTAIR 

Figure 3. HOTAIR overexpressing Li‑7 increased the proportion of macrophage. (A) A scheme of the co‑culture assay. (B) (Left) Representative dot plots 
of PBMC co‑cultured with Li‑7 cells after 72 h. Macrophages were found in CD14+CD68+HLA‑DR+ gate. (Right) Quantification of macrophages of PBMC 
co‑cultured with HOTAIR‑overexpressing and control Li‑7 cells. *P=0.0031, n=5. (C) (Left) Representative dot plots of PBMC co‑cultured with Li‑7 cells after 
72 h. MDSCs were found in CD14+ HLA‑DRlow/‑CD33+CD11b+ gate. (Right) Quantification of MDSCs of PBMC co‑cultured with HOTAIR‑overexpressing 
and control cells. *P=0.018, n=5. (D) HOTAIR expression in Hep3B cells transduced with a HOTAIR‑overexpressing (HOTAIR) or empty vector (Emtpy), 
determined by real‑time PCR. HOTAIR expression was normalized to Empty cells. *P=0.0001, n=3. (E) CCL2 expression determined by real‑time PCR 
in Hep3B cells. HOTAIR expression was normalized to Empty cells. *P<0.0001, n=4. (F) Quantification of macrophages of PBMC co‑cultured with 
HOTAIR‑overexpressing and control Hep3B cells. *P=0.0007, n=4. (G) Quantification of MDSCs of PBMC co‑cultured with HOTAIR‑overexpressing and 
control Hep3B cells. *P=0.0014, n=4.
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knockdown dramatically inhibited cell viability and induced 
G1‑phase arrest in vitro and suppressed tumorigenicity in vivo 
by promoting miR‑218 expression in HepG2 and Bel7404 cell 
lines. In this study, using Li‑7 cell line, no significant differ-
ence was found between HOTAIR‑overexpressing and control 
cells in cell proliferation, migration, and in vivo tumorige-
nicity assay. Because the function of HOTAIR are strongly 
cell type‑dependent  (5), we speculate that the context of 
intracellular signaling is different between HepG2 and other 
HCC cell lines. Further study will be required to elucidate the 
cell type‑dependent molecular function of HOTAIR in types 
of HCC cell lines, and identify the critical molecule(s) which 
cooperate with HOTAIR.

In conclusion, we newly identified CCL2 as a downstream 
molecule of HOTAIR, which may be involved in the recruit-
ment of macrophages/MDSC in tumor microenvironment.
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