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Background: Little is known about the biological function of long non-coding RNA X

inactive specific transcript (lncRNA XIST) and its underlying mechanism in tumor-asso-

ciated macrophage (TAM) polarization of lung cancer.

Materials and methods: The expression of lncRNA XIST in macrophages was detected

by RT-qPCR. The function of lncRNA XIST on IL-4-induced M2 polarization was evaluated

by transfection of shRNA and RT-qPCR or Western blotting detection of M2 specific

markers. Contact between T-cell-specific transcription factor 4 (TCF-4) and lncRNA XIST

was verified by bioinformatics and luciferase assay. The relation between lncRNA XIST and

lung cancer was determined by bioinformatics.

Results: The expression of lncRNA XIST in THP-1-differentiated macrophages was sig-

nificantly increased in M2 macrophages than M1 (P < 0.05). lncRNA XIST downregulation

suppressed the IL-4-induced M2 polarization, inducing downregulation of M2 specific

markers such as IL-10, Arg-1, and CD163. However, the suppression was aborted by

overexpression of TCF-4. Mechanistically, lncRNA XIST was regulated by TCF-4 through

direct binding. Additionally, lung cancer conditioned macrophages exhibited high expression

of lncRNA XIST and lung cancer tissues highly expressed TCF-4, indicating TCF-4 regu-

lated lncRNA XIST closely correlated with macrophage polarization and tumor progression

of lung cancer.

Conclusion: Taken together, this study demonstrated the important role of TCF-4 regulated

lncRNA XIST in regulating M2 polarization and gave a novel insight into the TAMs

regulation and potential therapeutic target of lung cancer.
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Introduction
Lung cancer is one of the most common cancers worldwide, causing 1.6 million

global deaths per annum.1 It can be subdivided into two subsets according to

pathological differences, namely small cell lung cancer (SCLC) and non-small

cell lung cancer (NSCLC), with NSCLC accounting for about 85% of lung cancer

cases.2 Despite that much progress has been made in the diagnosis and treatment,

the five-year survival rate of lung cancer is still very poor.3 Therefore, an urgent

effort is needed to further study the underlying biological mechanism in the

progress of lung cancer.

Tumor-associated macrophages (TAMs) are a class of crucial immune cells in

the tumor micro-environment and are heavily involved in tumor angiogenesis and
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correlating with worse prognosis.4 TAM can be polarized

into two phenotypes depending on environmental stimuli

and their activation state, namely M1 and M2. In general,

M1 polarized macrophages are characterized by secreting

pro-inflammatory cytokines to eliminate tumor cells,

whereas M2 polarized macrophages can express high-

level anti-inflammatory cytokines such as IL-10 and argi-

nase-1 (Arg-1).5 Moreover, TAMs are mainly considered

to be the polarized M2 phenotype that participate in angio-

genesis and tumor progression and represent a poor prog-

nosis in the tumor microenvironment.6 However, to date,

the molecular mechanisms underlying TAM polarization

in lung cancer remain largely unknown.

Long non-coding RNAs (lncRNA) are broadly defined as

transcripts longer than 200 nucleotides lacking protein-coding

capacity. LncRNAs are well known to participate in RNA

stability, shear processing, epigenetic regulation and gene

transcription, such that biological effects are produced in

normal cells.7 A recent study indicates that lncRNAs are

even closely related to several pathological processes, includ-

ing tumorigenesis.8 Furthermore, dozens of lncRNAs are

found to involve into disease progression via regulating

macrophage polarization in the microenvironment.9,10 For

example, Zhou et al. found that lncRNA NIFK-AS1 inhibited

the M2 macrophage by targeting miR-146a and thus reduced

the estrogen-induced proliferation, migration and invasion

of endometrial cancer cells, suggesting the significant role of

NIFK-AS1 in regulating the polarization and function of

TAMs in endometrial cancer and provides novel insight into

the TAMs-mediated progression of endometrial cancer.11

Huang et al. found that lncRNA-MALAT1 promoted the pro-

liferation, migration and invasion of thyroid cancer cells via

targeting TAM-secreted FGF2.12 The lncRNAX-inactive spe-

cific transcript (XIST), a 17 kb RNA product of the inactive X

chromosome, was found to counteract miR-376c-5p-mediated

osteopontin suppression and exacerbate the M1 macrophage-

induced inflammatory microenvironment in osteoarthritis,

while loss of lncRNAXISTcould trigger M1-M2 polarization

of microglia and promote brain betastasis by increasing secre-

tion of exosomal miRNA-503 in breast cancer.13,14 LncRNA

XIST is reported to be upregulated in lung cancer and closely

related to the proliferation, invasion and migration of lung

cancer cells.15,16 However, little is known about its biologic

role in TAM polarization in lung cancer.

TCF-4 is an important downstream molecule of Wnt

signaling pathway, playing an important role in regulating

target gene transcription. Although TCF-4 expression was

reported to be positively correlated with lung cancer

progression, studies concerning significance as well as

regulating mechanism of TCF-4 in lung cancer are still

limited.17 In the present study, we examined the role of

lncRNA XIST played in the regulation of macrophage

polarization. The results showed that M2 macrophage has

an elevated expression of lncRNA XIST compared to M1.

TCF-4 positively regulates the expression of lncRNA

XIST in macrophages by directly targeting promoter

region of XIST gene and regulates M2 polarization of

macrophages. Given that lncRNA XIST was positively

associated with lung cancer conditioned TAMs (M2 phe-

notype) and TCF-4 was highly expressed in lung cancer

tissues, blocking the TCF-4/lncRNA XIST signal activa-

tion in TAMs may be a promising strategy for lung cancer

therapy.

Materials and Methods
Cells And Cell Culture
The 293T cells, human acute monocyte THP-1 leukemia

cells and A549 cells were commercially purchased from

the Institute of Biochemistry and Cell Biology, Chinese

Academy of Sciences (Shanghai, China) and used in this

study. The cells were cultured in DMEM or RPMI-1640

supplemented with 10% foetal bovine serum (Gibco) in a

humidified 37°C incubator with 5% CO2. To obtain

macrophage-like differentiated THP-1 cells, THP-1 cells

were seeded with a density of 3×106 cells/flask and

exposed to PMA (320 nM) in the culture medium for 48

hrs. The PMA-containing medium was replaced with fresh

culture medium after that and the cells were already dif-

ferentiated for subsequent experiments. Cells were cul-

tured with IFN-γ (100 ng/mL) for another 48 hrs to

generate M1 macrophages, while IL-4 (20 ng/mL) was

used to induce M2 macrophages.

To obtain lung cancer conditioned TAMs, A549 cells

were cultured in serum-free medium for 24 hrs and then

the supernatant was collected and mixed with 1640 con-

taining 10% serum at a ratio of 1:2, which was used as the

tumor-conditioned medium. THP-1 cells were incubated

with A549-conditioned medium for 5 days and induced to

be TAM.

Plasmid
Lentivirus expressing short-hairpin RNA directly against

human lncRNA XIST (Sh-X) and the vehicle control (Sh-C)

were purchased from GenePharma. pCDNA3.0-TCF-4 were

also purchased from GenePharma (Shanghai, China). Cells
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were transfected using Lipofectamine 2000 (Thermo Fisher

Scientific, Invitrogen).

Real-time Polymerase Chain Reaction

(RT-qPCR)
Total RNA was extracted from cells using Trizol reagent

(Invitrogen) according to the manufacturer’s instructions

and then used to amplify the first-strand cDNA using the

Reverse Transcription System Kit (Takara). The quantita-

tive real-time PCR was carried out in triplicate using

QuantiTect SYBR Green PCR Kit on the 7500 Fast

Real-time PCR System (Applied Biosystems). GAPDH

were used as endogenous controls for the expression of

miRNA and other genes, respectively. Relative fold

changes were calculated using quantification method

(2−ΔΔCt).

Western Blotting
Total proteins were extracted from cells using RIPA buffer.

After quantified with BCA method, 40 μg of the protein

samples were subjected to the SDS polyacrylamide gel

electrophoresis (SDS-PAGE) and then transferred to poly-

vinylidene difluoride membrane (GE Healthcare). The

blots were incubated with the primary antibodies against

CD163, IL-10, Arg-1 and β-actin (Abcam) after blocking

with 5% nonfat milk. The blots were then incubated with

the appropriate secondary antibodies. Immunoreactive

bands were visualized using the Pierce ECL Western

Blotting Substrate (Santa Cruz Biotechnology), analyzed

and then normalized to β-actin as an internal reference.

Bioinformatic Analysis
It was predicted by PROMO database that TCF-4 could

bind directly to the promoter region of XIST gene using 2

putative binding sites (namely, 74–83 nt, 247–256 nt) by

PROMO database, suggesting that TCF-4 may regulate the

expression and function of XIST endogenously.

Expression level of TCF-4 in lung cancer tissues was

analyzed using the Human Protein Atlas immunohisto-

chemical database (http://www.proteinatlas.org/).

Luciferase Activity Assay
Luciferase reporter plasmid pGL3 vector (Promega, USA)

containing a total length of 2000bp upstream of the salmon

promoter was constructed and co-transfected with pcDNA-

TCF-4 or pcDNA-NC to 293T cells using Lipo2000

Reagent (Thermo Fisher Scientific, USA) according to

the manufacturer’s protocol. The luciferase activity was

detected using the dual-luciferase reporter assay system

(Promega) after 48 hrs of transfection.

Statistics
The unpaired Student’s t-test was used for a comparison

between two groups of relative gene expression. Values are

expressed as mean ± SD from triplicate independent experi-

ments. One-way ANOVAwith a post-hoc test was used for

multiple group comparisons. Statistical analysis was per-

formed using GraphPad Prism software version 6 and SPSS

19.0. P < 0.05 was considered statistically significant.

Results
M2 Macrophages Demonstrate Greater

Expression Of lncRNA XIST Compared

To M1 Macrophages
Previous studies have shown that lncRNA XIST is upre-

gulated in lung cancer and promotes cancer cell prolifera-

tion, migration and invasion; however, little is known

about its role and molecular mechanisms in TAM

polarization.18 To evaluate its potential role, we induced

M1 and M2 macrophages in vitro, and as indicated by the

RT-qPCR results (Figure 1A), M1 and M2 polarized

macrophages were successfully induced in vitro.

Then, we examined the mRNA expression levels of

lncRNA XIST in M1 and M2 cells. As shown in Figure 1B,

lncRNA XIST expression in M2 macrophages was signifi-

cantly higher than that of M1 macrophages, suggesting

that lncRNA XIST may participate in TAM phenotypic

transformation.

lncRNA XIST Downregulation

Suppressed The IL-4-induced M2

Polarization Of Macrophages
To determine whether lncRNA XIST participates in

macrophage polarization, THP-1 cells were transfected

with specific shRNA oligo-nucleotides targeting lncRNA

XIST (Sh-X) or negative control (Sh-C) and subsequently

induced to M2 subtype macrophages in the presence of IL-

4. As shown in Figure 2A, results of RT-qPCR showed

that the level of lncRNA XIST was significantly upregu-

lated in THP-1 treated with IL-4 than the control group (P

< 0.05), while significant downregulation of lncRNA

XIST was observed in the IL-4-treated THP-1 further

transfected with Sh-X. Differences of lncRNA XIST
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Figure 1 M2 shows a greater expression of lncRNA XIST compared to M1.

Note: (A) RNA was isolated and levels of M1 and M2-associated makers determined by RT-qPCR. (B) RNA was isolated from M1 and M2 and levels of lncRNA XIST

determined by RT-qPCR. The data were presented as mean ± SD (n =3/group). *The difference is significant.

Figure 2 The effect of lncRNA XIST on M2-like polarization of macrophages.

Note: (A) The expression of lncRNA XIST was detected by RT-qPCR in these groups of macrophages. The mRNA expression levels of IL-10, Arg-1 and CD163 were

determined by (B) RT-qPCR and (C and D) Western blotting in these groups of macrophages. The data were representative data of 3 independent experiments and

expressed as mean ±SD. **P < 0.01 vs control; ##P < 0.01 vs IL-4+Sh-C.
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expression between IL-4+Sh-X group and IL-4+Sh-C

group were significant (P < 0.05).

Then, the expression levels of two M2 macrophage-

specific marker genes, IL-10 and Arg-1, were detected by

RT-qPCR and Western blotting. As shown in Figure 2B,

the mRNA expression levels of IL-10 and Arg-1 were

significantly increased by IL-4 induction; however, the

induced IL-10 and Arg-1 were dramatically attenuated by

knockdown of lncRNA XIST. Similarly, the expression

levels of IL-10 and Arg-1 proteins were also induced

following IL-4 treatment but inhibited by lncRNA XIST

downregulation (Figure 2C and D). Further, mRNA and

protein expression levels of another M2 marker, CD163,

were found to be enhanced in THP-1 treated with IL-4

(Figure 2B–D) but were notably reduced by lncRNA XIST

downregulation. These data indicated that lncRNA XIST

positively regulates IL-4-induced M2 polarization of

macrophages.

TCF-4 Could Interact With The

Promoter Region Of XIST Gene
It was predicted that TCF-4 could bind directly to the

promoter region of XIST gene by PROMO database. The

two putative binding sites in the promoter region of XIST

gene locate in 74–83 nt and 247–256 nt (Figure 3A and B),

suggesting that TCF-4 may regulate the expression and

function of lncRNA XIST. The hypothesis was experimen-

tally verified by luciferase reporter assay. Luciferase

reporter plasmid pGL3 containing 2000 bp of XIST pro-

moter region was constructed and transfected into 293T

cells together with pcDNA-TCF-4 or pcDNA-NC.

Luciferase activity analysis showed that compared with

co-transfected with pGL3 and pcDNA-NC, luciferase

activity in the group of co-transfected with pGL3 and

pcDNA-TCF-4 rose by 5.21±0.44 times (Figure 3C), indi-

cating that TCF-4 directly binds to the promoter region of

XIST gene.

TCF-4 Regulates The Function Of

lncRNA XIST In TAM Polarization
To further investigate the functional interaction between

TCF-4 and lncRNA XIST, pcDNA-TCF-4 was transfected

into THP-1 to overexpress TCF-4. As shown in Figure 4A,

TCF-4 was significantly induced after transfection. Next,

pcDNA-TCF-4 was transfected into THP-1 before IL-4

stimulation and Sh-X or Sh-C treatment. Consistent with

the results above, lncRNA XISTexpression was reduced by

Sh-X knockdown. The expression of M2 macrophage-asso-

ciated markers such as IL-10, Arg-1, and CD163 (both

mRNA and protein level) were reduced significantly in

the Sh-X plus IL-4 group compared with that in Sh-C plus

IL-4 group (Figure 4B–D). However, downregulation of

lncRNAXIST by Sh-X was reversed by TCF-4 overexpres-

sion. Moreover, inhibition of M2 polarization in Sh-X+IL-4

group was restored by pcDNA-TCF-4 overexpression

(Figure 4B–D), demonstrating that TCF-4 regulated

Figure 3 Interaction between TCF-4 lncRNA XIST.

Notes: (A and B) Binding sites of TCF-4 in the promoter region of XIST gen were predicted. (C) Analyses of luciferase activity. The results are calculated from at least

three independent experiments and presented as mean ± SD.
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lncRNA XIST was responsible for M2 macrophage

polarization.

Relation Of TCF-4 And lncRNA XIST

With Lung Cancer
As shown in Figure 5A and B, it was found that TCF-4

presents a significantly high level in lung cancer tissues

than normal tissues using the Human Protein Atlas

immunohistochemical database (P < 0.05). To determine

if exposure to lung cancer microenvironment affected

lncRNA XIST expression or not, then lung cancer con-

ditioned TAMs were induced. As shown in Figure 5C,

lung cancer-associated macrophages highly expressed

lncRNA XIST. TAMs, in a tumor microenvironment,

are commonly considered to be the polarized M2 phe-

notype as documented previously.6 Taken together with

the results above, TCF-4 regulated lncRNA XIST should

promote M2 polarization in lung cancer, suggesting their

therapeutic potential clinically.

Discussion
It has been well documented that lncRNA XIST acts as

an oncogenic factor, driving the formation and growth

of cancer cells, promoting the epithelial–mesenchymal

transition, and indicating poor prognosis in human

cancers.19–21 However, little is known about its role in

the polarization of tumor-associated macrophages, an

important cellular program during tumor progression.22

Figure 4 The interaction between lncRNA XIST and TCF-4.

Note: (A) The expression of TCF-4 mRNA and lncRNA XISTwere detected by RT-qPCR. The mRNA expression levels of IL-10, Arg-1 and CD163 were determined by (B) RT-
qPCR and (C andD)Western blotting in these groups of macrophages. The datawere representative data of 3 independent experiments and expressed as mean ±SD. **P < 0.01 vs

control.
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In this study, we found that lncRNA XIST promoted M2

polarization of macrophages. Previously, Zhou et al.

reported lncRNA NIFK-AS1 inhibits M2 polarization

of macrophages in endometrial cancer through targeting

miR-146a.11 Unlike with lncRNA XIST in the present

study, lncRNA NIFK-AS1 acts as a negatively regulat-

ing factor. Macrophages polarization is a complicated

process, and in the future, more and more relative reg-

ulators should be identified to minutely reveal the reg-

ulating mechanism of macrophages polarization. In lung

cancer development and tumorigenesis, our previous

studies have demonstrated that lncRNA XIST is

required for the proliferation, migration and invasion

of lung cancer cells by modulating miR-186-5p, while

the present study demonstrated high lncRNA XIST

expression in lung cancer conditioned macrophage, indi-

cating that lncRNA XIST positively regulates M2 polar-

ization in lung cancer for TAMs predominantly exhibit

an M2-like phenotype.14,23,24

TCF-4 functions as a nuclear response to Wnt signaling

pathway and regulates the transcription of multiple genes to

affect cell proliferation, differentiation, survival, and apop-

tosis. Recently, TCF-4 was reported to elevate with devel-

opment of lung cancer, and inhibition of TCF-4 could

suppress lung cancer cells proliferation, invasion growth

both in vitro and in vivo, indicating TCF-4 plays an impor-

tant role in lung cancer progression and prognosis.25–27 The

present study predicted using database TCF-4 highly

expressed in lung cancer tissues than normal tissues,

which is consistent with the published documents.

Moreover, TCF-4 directly interacts with lncRNA XIST

and can restore the M2 polarization of THP-1 macrophages

induced by IL-4 when lncRNA XIST was knockdown,

which may further note the importance of TCF-4 in M2

macrophages, as well as in the TAMs-induced cell prolif-

eration, migration and invasion of lung cancer.

In conclusion, we show here that TCF-4 directly reg-

ulates the expression of lncRNA XIST and that TCF-4

Figure 5 Relation of TCF-4 and lncRNA XISTwith lung cancer.

Notes: (A) TCF-4 is low expressed in normal tissues; (B) TCF-4 is highly expressed in lung cancer tissues; (C) Lung cancer-associated macrophages highly expressed

lncRNA XIST. The data were representative data of 3 independent experiments and expressed as mean ±SD. *P < 0.05 vs M0.
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regulated lncRNA XIST positively regulates M2 macro-

phage polarization. Our findings indicate that lncRNA

XIST or TCF-4 is a potential target for gene therapy lung

cancer.
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