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The microRNA-152/human
leukocyte antigen-G axis
affects proliferation and
immune escape of non-small
cell lung cancer cells

Jun Fu1,*, Jun Mao2,* and Chun Wang3

Abstract

Objective: To investigate the role of human leukocyte antigen (HLA-G) on proliferation, inva-

sion, and immune escape in non-small cell lung cancer (NSCLC).

Methods: The relationship between HLA-G and overall survival (OS) of NSCLC patients was

analyzed using the KMPlot database. The expression of micro (mi)R-152 or HLA-G was modu-

lated by transfecting synthetic oligonucleotides, and the impact of the miR-152/HLA-G axis on

proliferation, invasion, colony formation in soft agar, and tolerance to natural killer (NK) cell

cytolysis was measured.

Results: Bioinformatics analysis showed that high HLA-G expression was correlated with poor

OS in NSCLC patients. The tolerance of NSCLC cells to NK cytotoxicity was negatively corre-

lated with HLA-G and positively correlated with miR-152 expression. Over-expressing miR-152

inhibited HLA-G expression in A549 cells and attenuated cell proliferation, migration, colony

formation ability, and tolerance to NK cells. However, blocking HLA-G expression by small

interfering RNA did not affect migration or colony formation, but only proliferation and tolerance

to NK cells in vitro and in vivo. Blocking Ig-like transcript 2 on the surface of NK cells increased

their killing effect in the presence of high HLA-G expression.
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Conclusions: miR-152/HLA-G axis plays an oncogenic role in NSCLC by affecting cell prolifer-

ation and immune escape.
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Introduction

Human leukocyte antigen (HLA)-G is one of
the most important immune tolerance mole-
cules. It was initially identified as functioning
in fetal escape from maternal allorecognition,1

but more recent research has shown it also
interacts with immunoglobulin-like receptors
to aid cancer cell escape from immune surveil-
lance.2,3 Several studies have shown that
HLA-G and its soluble form (sHLA-G)
have prognostic value in non-small cell lung
cancer (NSCLC), with the aberrant expres-
sion of HLA-G detected in the majority of
NSCLC primary lesions or serum samples.4,5

Indeed, sHLA-G was reported to be an inde-
pendent prognostic factor of overall survival
(OS) in NSCLC, and decreased serum sHLA-
G levels were associated with prolonged OS.6

Additionally, serum sHLA-G was increased
in advanced-stage NSCLC regardless of the
histopathological type.7

Recent studies have demonstrated that
HLA-G is under the control of several
microRNAs (miRNAs) including miR-
152. For example, the delivery of miR-152
into the uterus was shown to counteract
HLA-G expression and serve as a potential
contraceptive therapy.8 Additionally, hepa-
titis B virus infection increased tolerance to
the anti-tumor immune response by down-
regulating miR-152, which led to HLA-G
up-regulation.9 Several studies have found
that serum miR-152 levels are associated
with prognosis in NSCLC and could be
used as a biomarker.10–12 However, the

regulatory mechanisms of HLA-G in
NSCLC are not fully understood.

Therefore, our study explored the rela-
tionship between HLA-G expression and
the prognosis of NSCLC patients in a

meta-analysis; on this basis, we further
investigated the effect of HLA-G under
the regulation of miRNA-152 on NSCLC
cell proliferation, invasion, and tolerance
to the cytolysis of natural killer (NK)
cells. Our results showed that the
miR-152/HLA-G axis plays an oncogenic
role in NSCLC by affecting cell prolifera-
tion and immune escape.

Materials and Methods

Ethics and consent statements

The animal study protocol was approved by

the Institutional Animal Care Committee of
the Central Hospital of Wuhan (approval
date: July 2020). All animal work was car-
ried out in accordance with institutional
animal care and use guidelines.

Kaplan-Meier analysis of NSCLC patients

The prognostic effect of HLA-G in NSCLC
was analyzed using the public microarray
database KMPlot (www.kmplot.com) with
aggregate human patient data.13 The OS
probability was analyzed by Kaplan–
Meier analysis with an auto-selected best
cutoff and JetSet best probe. Statistical sig-
nificance was analyzed using the two-tailed

2 Journal of International Medical Research

http://www.kmplot.com


log-rank test incorporated in the KMPlot

database. The Affymetrix ID for HLA-G

is 211528.

Cell lines and culture

Three NSCLC cell lines were used in this

study: A549 (human lung adenocarcinoma),

L78 (human squamous lung cancer), and

H460 (human large cell lung cancer). They

were maintained in RPMI 1640 medium

supplemented with 10% fetal bovine

serum (FBS). The NK-92 cell line derived

from human peripheral blood mononuclear

cells was cultured with 75% a-MEM with

the following supplements: 12.5% FBS,

12.5% horse serum, 0.1mM 2-mercaptoe-

thanol, 0.02mM folic acid, and 200U/mL

recombinant interleukin-2 (IL-2). All cells

were obtained from the American Type

Culture Collection (Manassas, VA, USA),

and were cultured at 37�C in a humidified

incubator with 5% CO2. Basic medium and

serum were purchased from Thermo Fisher

Scientific (Gaithersburg, MD, USA).

Recombinant IL-2 was purchased from

Changchun Institute of Biological Products

Co., Ltd. (Changchun, China).

Transfection

A549 cells were seeded in 6-well plates and

grown to 80% confluency. To modulate

miR-152 expression levels, they were trans-

fected using Lipofectamine 2000 (Invitrogen,

Carlsbad, CA, USA) according to the man-

ufacturer’s instructions with 50 nM of the

following: single strand miR-152 mimics

(50-TCAGTGCATGACAGAACTTGG-30),
single strand miR-152 inhibitor (50-CCAC
GUUCUGUCAUGCACUGA-30), or mock

control (50-CAGUACUUUUGUGUAGU

ACAA-30). For HLA-G knockdown, cells

were transfected with 10 nM of small inter-

fering (si)RNA or a non-targeting siRNA

scramble control. siRNA sequences were:

sense 50-AUGGUGGGCAGGGAAGACU

GCUUCC-30 and antisense 50-GGAAG
CAGUCUUCCCUGCCCACCAU-30 for
HLA-G knockdown; and sense 50-UUCU
CCGAAC GUGUCACGUTT-30 and anti-
sense 50-ACGUGACACGUUCGGAGAAT
T-30 as the negative control. Oligonucleotide
sequences were obtained from GenePharma
(Shanghai, China).

RNA extraction and quantitative real-time
(RT)-PCR

Total RNA was isolated from cells using
TRIzol reagent (Invitrogen). For the detec-
tion of HLA-G, 100 ng of RNA was
reverse-transcribed into cDNA using the
ReverTra Ace qPCR RT kit (Takara
Biomedical Technology, Beijing, China).
For the detection of miR-152, small RNA
was enriched using the mirVna miRNA
Isolation kit (Ambion, Austin, TX, USA).
HLA-G and miR-152 expression was quan-
tified by real-time PCR using the DCT
method14 and SYBR green-based PCR
master mix (Takara). Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) and
small nuclear RNA U6 were used as endog-
enous references. Specific primers were
designed as previously reported15,16 and
purchased from GenePharma, and PCR
reactions were performed on an ABI 7300
system (Applied Biosystems, Foster City,
CA, USA). PCR conditions were initial
denaturation at 95�C for 10 minutes, then
40 cycles of 95�C for 10 s and 60�C for 45 s.

Enzyme-linked immunosorbent
(ELISA) assay

Lung cancer cells were seeded in 96-well
plates at a density of 1� 104 cells/well and
grown to 80% confluency. They were then
cultured in serum-free medium for 48 hours
and the supernatant was collected for
ELISA analysis. The ELISA kit was pur-
chased from Shanghai Enzyme-Linked
Biotechnology Co., Ltd. (Shanghai, China).
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Cell proliferation assay

Cells were seeded in 96-well plates at a density
of 2� 103 cells/well and growth was measured
daily over the next 5 days using the MTT Cell
Proliferation and Cytotoxicity Assay Kit
(Beyotime Biotechnology, Shanghai, China).
Briefly, 10lL of MTT solution (5mg/mL)
was added to each well and incubated for 4
hours. Then 100 lL of formazan solution was
added to each well, mixed well, and incubated
for a further 4 hours. Absorbance at an opti-
cal density of 570nm was measured with a
microplate reader (Model 680, Bio-Rad,
Hercules, CA, USA).

Cytotoxicity assay

Lung cancer cells were seeded in 96-well
plates at a density of 5� 104 cells/well and
allowed to adhere. NK-92 cells were then
added at effector:target (E:T) ratios of
10:1, 5:1, and 2.5:1.17 Wells with lung
cancer cells or NK-2 cells only were used
as target controls or effector controls,
respectively. To block Ig-like transcript
(ILT)-2 of NK cells, which is an HLA-G
receptor, 10 lg/mL of mouse anti-ILT2
(Biolegend, San Diego, CA, USA) was
applied. The same volume of phosphate-
buffered saline (PBS) was used as a negative
control. Cells were cultured for 4 hours and
the living cell density was measured using
the MTT kit described above. The lysis rate
was calculated as (1 – (ODEþT – ODE)/
ODT)� 100%.

Transwell analysis

Cells were suspended in serum-free medium
and seeded in 8lm Millicell inserts
(Millipore, Billerica, MA, USA) at a densi-
ty of 3� 104 cells/insert. The inserts were
incubated in 24-well plates with complete
medium in the lower chambers for
24 hours. Cells that traversed to the lower
side of the insert filter were fixed with for-
malin and stained with 0.1% crystal violet.

Five random fields (under �400 magnifica-
tion) of each well were then counted using a
CX31 light microscope (Olympus, Tokyo,
Japan) to determine migrated cell numbers.

Soft agar colony formation

Complete medium was mixed with 0.5%
agar and added to 24-well plates to form a
gel. Cells were suspended in medium with
0.3% agar and adjusted to 5� 104 cells/mL.
For each well, 500 lL of cell suspension was
added and incubated for 10 days. Formed
colonies were stained with MTT solution
and five random fields/well were counted
under microscopy.

Western blotting

Whole cell proteins were prepared by lysing
cells in radioimmunoprecipitation assay
buffer (Beyotime). Protein concentrations
were determined by the BCA protein assay
kit (Beyotime). Proteins (30 lg/sample) were
fractionated by 12% sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis and
transferred onto nitrocellulose membranes
(Amersham, Piscataway, NJ, USA).
Membranes were blocked with 5% skim
milk for 1 hour at room temperature, then
incubated with mouse anti-HLA-G (dilution
1:1500; Abcam Inc., Cambridge, UK) or
mouse anti-GAPDH (dilution 1:5000;
Abcam) primary antibodies overnight at
4�C. The next day membranes were incubat-
ed with horseradish peroxidase-conjugated
anti-mouse secondary antibody (dilution
1:5000; Abcam) at room temperature for 2
hours. Hybridized protein bands were
detected with the enhanced chemilumines-
cence kit (Beyotime).

Dual-luciferase reporter assay

The potential binding sequence (HLA-G-
WT) or truncated binding sequence
(HLA-G-MUT) were cloned into the
pGL3 firefly luciferase reporter vector
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(Ambion). HEK293 cells were seeded in 24-

well plates at a density of 1� 105 cells/well

and co-transfected with 100 ng pGL-3

reporter constructs, 20 ng pRL-TK Renilla

luciferase plasmid (Promega, Madison, WI,

USA), and 100 nM miR-152 mimics or con-

trol mimics, then incubated overnight. Cell

lysates were prepared using Passive Lysis

Buffer (Promega) and luciferase activity

was measured using the Dual Luciferase

assay system (Promega). Luciferase activity

was normalized to the activity of the Renilla

luciferase plasmid

In vivo xenograft assay

BALB/c nude mice (5-weeks-old, purchased

from Shanghai SLAC Laboratory Animal

Co., Ltd., Shanghai, China) were raised in

a specific pathogen-free facility with free

access to clean food and water. Twenty-

four mice were divided into four groups

(six mice/group): A549þNK-92; A549þ
NK-92þ ILT2 antibody; A549 (si-HLA-

G)þNK-92; and A549 (si-HLA-G)þNK-

92þ ILT2 antibody. Normal A549 cells or

A549 cells transfected with si-HLA-G were

subcutaneously inoculated in the back of

mice (1� 106 cells in 0.1 mL PBS). After

2 weeks, mice were administered NK-92

cells (1� 107 cells in 0.1 mL PBS) in the

tail vein, and ILT2 antibody (10 mg/kg)18

or control PBS were administered intraperi-

toneally once a week. Tumor volumes were

calculated once a week using the formula:

volume¼ length�width2� 0.5. After 4

weeks of NK cell injection, mice were eutha-

nized under isoflurane anesthesia.

Statistical analysis

Data were analyzed using GraphPad

Prism 8 software (San Diego, CA, USA).

Continuous values were expressed as mean-

s� SD. Comparisons between two groups

were performed by the Student’s t test.

Comparisons of one variable among

multiple groups were performed by one-
way analysis of variance (ANOVA) with
Tukey’s post-hoc test. Comparisons of two
variables among multiple groups were per-
formed by repeated-measures ANOVA fol-
lowed by Bonferroni correction. P< 0.05
was taken as statistically significant.

Results

High expression of HLA-G correlated
with poor OS in NSCLC

First we explored the KMPlot database for
the in silico validation of HLA-G in
NSCLC. Kaplan–Meier curves are shown
in Figure 1. In the meta-analysis cohort,
high expression of HLA-G was correlated
with poor OS in all NSCLC patients. The
prognostic value of HLA-G was especially
valid in the adenocarcinoma type, but not
associated with OS in the squamous carcino-
ma type. The OS of patients at stage I and II
was significantly shorter (P<0.001) if they
had high HLA-G expression. However, for
patients at stage III, HLA-G expression did
not affect OS. Bioinformatics analysis was
not performed in patients at stage VI
because of the small sample size (n¼4, data
not shown). The results of large-scale data
analysis indicated that HLA-G could predict
survival in NSCLC.

HLA-G levels were associated with
miR-152 expression and tolerance
to NK cytolysis

We detected the expression of HLA-G and
miR-152 in three representative NSCLC
cell lines. As shown in Figure 2a, HLA-G
and miR-152 were detected in all three cell
lines. HLA-G mRNA expression was sig-
nificantly higher in A549 cells than in the
other cell types (P< 0.001), but did not
differ between L78 and H460 cells. A549
cells had the lowest miR-152 expression,
although levels did not differ significantly

Fu et al. 5



among cell lines. Consistently, A549 cells

had significantly higher cellular HLA-G

protein and sHLA-G levels (P< 0.001 and

P ¼0.019, respectively; Figure 2b,c).
NK cells are key effector lymphocytes in

the tumor microenvironment,19 so we next

tested the tolerance of the three NSCLC cell

lines to NK-92 cells. As shown in Figure 2d,

the cytolysis activity of NK-92 cells against

NSCLC cell lines decreased significantly

with the decline of the E:T ratio

(P¼ 0.025). The cytolysis activity of NK-

92 cells against A549 cells was significantly

lower than that of the other two NSCLC

cell lines at high E:T ratios (10 and 5;

P¼ 0.001 and 0.002, respectively). All

three NSCLC cell lines showed similar

levels of tolerance to NK-92 cells at the

low E:T ratio of 2.5. This suggested that

HLA-G expression is associated with miR-

152 levels and tolerance to NK cytotoxicity.

miR-152 inhibited malignant

characteristics of NSCLC cells

Previous studies showed that HLA-G

expression is directly regulated by miR-

152.8,9 We tested this by performing a

dual-luciferase reporter assay (Figure 3a

and 3b). As shown in Figure 3c–e, both cel-

lular and soluble HLA-G levels were nega-

tively regulated by miR-152 transfection.

Overexpression of miR-152 inhibited A549

cell proliferation after 48 hours of incuba-

tion, while low expression of miR-152 sig-

nificantly promoted A549 cell proliferation

Figure 1. HLA-G is a prognostic marker in NSCLC. Kaplan–Meier curves were generated from the KMPlot
database. An association between HLA-G and overall survival probability was shown in all patients and
different histopathological subgroups.
HLA-G, human leukocyte antigen G; NSCLC, non-small cell lung cancer; HR, hazard ratio.
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(Figure 4a, P< 0.001). miR-152 overexpres-
sion significantly reduced A549 cell migra-
tion through polycarbonate membranes
(Figure 4b, P¼ 0.009) and colony formation

in soft agar (Figure 4c, P< 0.001). Reducing
the level of miR-152 in A549 cells was con-
ducive to improving cell migration and
colony formation.

Figure 2. HLA-G is associated with miR-152 expression and tolerance to NK cytolysis. (a) Relative
expression of HLA-G mRNA and miR-152 in different NSCLC cell lines. (b) Cellular HLA-G protein level
and (c) sHLA-G level in three cell lines. (d) Cytolytic activity of NK-92 cells against three cell lines. *P< 0.05;
**P< 0.01.
HLA-G, human leukocyte antigen G; NK, natural killer; NSCLC, non-small cell lung cancer; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3. miR-152 regulates HLA-G expression in A549 cells. (a, b) Dual-luciferase assay confirming HLA-
G as a direct target of miR-152. (c) Relative expression of miR-152 and HLA-G mRNA in different trans-
fectants of A549 cells. (d) Cellular HLA-G protein level and (e) sHLA-G level in different transfectants.
*P< 0.05 vs. blank; **P< 0.01 vs. blank.
HLA-G, human leukocyte antigen G; sHLA-G, soluble human leukocyte antigen G; GAPDH, glyceraldehyde
3-phosphate dehydrogenase.
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The aberrant expression of miR-152 also

influenced tolerance to NK cell cytolysis

(Figure 4d). At the E:T ratio of 10, the

cell lysis rate increased from 60.03% in

the blank control group to 73.71% in the

miR-152 mimics group (P¼ 0.048). At the

E:T ratio of 5, the cell lysis rate also

increased significantly by overexpressing

miR-152 (30.26% vs. 39.62%, P¼ 0.04).

Attenuated cell lysis was observed in cells

transfected with miR-152 inhibitors at E:T

ratios of 10 and 5 (P¼ 0.038 and 0.045,

respectively). At the low E:T ratio of 2.5,

miR-152 levels did not affect tolerance to

NK cells. This suggested that miR-152

had an inhibitory effect on the malignant

characteristics of A549 cells.

HLA-G mediated the inhibitory effect

of miR-152 on cell proliferation and

tolerance to NK cytolysis

To investigate when HLA-G mediated the

anti-tumor effect of miR-152, we knocked

down HLA-G expression in A549 cells by

siRNA technology. Figure 5 shows that

both cellular and soluble HLA-G levels

were significantly reduced in the si-HLA-

G group (both P< 0.001), but miR-152

expression was not affected. Interference

with HLA-G expression only affected cell

proliferation (Figure 6a, P¼ 0.005) and

tolerance to NK-92 cells (Figure 6d,

P¼ 0.039 at E:T¼10 and P¼ 0.042 at E:

T¼5), but had no significant effect on cell

Figure 4. miR-152 inhibits malignant characteristics of A549 cells. (a) Effect of miR-152 on cell prolifera-
tion. (b) Effect of miR-152 on cell migration (magnification �100, scale bar ¼200 lm). (c) Effect of miR-152
on colony formation. (d) Effect of miR-152 on tolerance to NK cells. *P< 0.05 vs. blank; **P< 0.01 vs. blank
NK, natural killer.
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migration (Figure 6b) or colony formation

(Figure 6c).
The cytotoxicity of NK cells depends on

the binding of leukocyte Ig-like receptor 1

(LIT2) to the HLA-G ligand on the target

cell surface.20 We further blocked ILT2 of

NK-92 cells by adding an ILT2 antibody to

the culture medium and repeating the cyto-

toxicity assay. Compared with the PBS

blank control, co-culture with NK cells sig-

nificantly increased the lysis rate (Figure 6d,

P< 0.05 at all E:T ratios). Interference of

HLA-G expression significantly increased

the cytotoxicity of NK cells at E:T¼10.

For cells with normal HLA-G expression,

anti-ILT2 treatment also increased the lysis

rate. However, the lysis rate was not further

increased by anti-ILT2 when the expression

of HLA-G was blocked. This suggested that

the main role of HLA-G is not to affect the

migration or colony formation of cancer

cells, but to influence proliferation and

immune escape.
To verify whether HLA-G affected the

tolerance of tumor cells to NK cells in vivo,

we conducted a xenograft assay. Mice were

injected with NK cells with or without anti-

ILT2 2 weeks after the inoculation of tumor

Figure 5. Knockdown of HLA-G expression in A549 cells. (a) Relative expression of miR-152 and HLA-G
mRNA in different transfectants. (b) Cellular HLA-G protein level and (c) sHLA-G level in different trans-
fectants. **P< 0.01 vs. blank.
HLA-G, human leukocyte antigen G; sHLA-G, soluble human leukocyte antigen G; GAPDH, glyceraldehyde
3-phosphate dehydrogenase.
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cells. Mice in groups 1 and 2 were inoculated

with normal A549 cells, and the growth rate

of subcutaneous tumors in groups was sig-

nificantly faster than in groups 3 and 4

(P< 0.001) in which mice were inoculated

with A549 cells transfected with si-HLA-G

(Figure 7). However, the injection of anti-

ILT2 did not affect the formation of subcu-

taneous tumors, and there was no significant

difference in tumor growth between groups 1

and 2, or between groups 3 and 4. Figures 6

and 7 suggest that HLA-G expression was

correlated with the growth and immune

escape ability of A549 cells in vivo and in

vitro. Blocking ILT2 on the surface of NK

cells increased the killing effect of NK cells

in the presence of high HLA-G expression.

Discussion

In this study, we explored the KMPlot
database with integrated genome-wide
microarray data to show that HLA-G
could be used as a prognostic marker for
OS in NSCLC, especially in adenocarcino-
ma and stage I/II NSCLC. Further cellular
experiments showed that high HLA-G
expression, under the regulation of miR-
152, was beneficial for tumor cells to prolif-
erate and to escape NK cytolysis. A mouse
xenograft assay further confirmed that
HLA-G expression was associated with
the growth and immune escape of A549
cells in vivo.

Yie et al.4 previously showed that HLA-
G expression in NSCLC tissues was

Figure 6. HLA-G affects proliferation and tolerance to NK cells in vitro. (a) Effect of HLA-G on cell
proliferation. (b) Effect of HLA-G on cell migration (magnification �100, scale bar ¼200 lm). (c) Effect of
HLA-G on colony formation. (d) Effect of HLA-G on tolerance to NK cells. *P< 0.05.
HLA-G, human leukocyte antigen G; NK, natural killer; PBS, phosphate-buffered saline.
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correlated with both survival time and dis-
ease stage. Similarly, a study by Lin et al.
found that HLA-G expression in NSCLC
lesions was associated with disease stage,
but not with histological type, and that
plasma sHLA-G rather than lesion HLA-
G expression was correlated with OS.5

Consistent with this, Amor et al.7 reported
an association between sHLA-G with dis-
ease stage and survival time, while Schutt
et al.6 found that HLA-G was exclusively
elevated in NSCLC, especially in squamous
NSCLC, but not in small-cell lung cancer.
Taken together, these results suggest that
HLA-G, especially sHLA-G, is associated
with disease stage but the relationship

between HLA-G expression and histologi-
cal type is less clear. This may be related to
the small sample size of a single study,
albeit one with the strong evidence of
immunohistochemistry and quantitative
RT-PCR. The KMPlot database can
merge multiple studies to achieve a larger
sample size, but the relative evidence
strength is only moderate because the data
derive from microarrays. Our cellular
assays showed that HLA-G expression in
adenocarcinoma A549 cells was higher
than in squamous carcinoma L78 cells and
large cell carcinoma H460 cells, supporting
the notion that HLA-G expression varies
according to NSCLC histological type.

Figure 7. HLA-G affects proliferation and tolerance to NK cells in vivo. (a) Representative photographs of
subcutaneous tumor in group 1 (A549þNK-92), group 2 (A549þNK-92þ anti-ILT2), group 3 (A549 [si-
HLA-G]þNK-92), and group 4 (A549 [si-HLA-G]þNK-92þ anti-ILT2). (b) Growth curve of subcutaneous
tumors in different groups.
HLA-G, human leukocyte antigen G; NK, natural killer; ILT2, Ig-like transcript 2.

12 Journal of International Medical Research



HLA-G is a non-classical human leuko-
cyte antigen class I molecule which inhibits
the activities of T lymphocytes, NK cells,
and antigen-presenting cells.21–24 In this
study, we found that when HLA-G expres-
sion was down-regulated in A549 cells by
transfecting miR-152 mimics or siRNA,
more A549 cells could be recognized and
lysed by NK cells. A similar association
between HLA-G expression and the NK
cell-killing effect was reported in other can-
cers such as melanoma,25 choriocarcino-
ma,26 leukemia,27 ovarian cancer,28,29 and
hepatocellular carcinoma.30 It was also
found that the NK cytolysis of leukemia
cells was dependent on their HLA-G
expression level.27 ILT2/HLA-G recogni-
tion is a dominant step during NK activa-
tion.20 In this study we found that blocking
ILT2 reduced NK cytolysis of A549 cells in
vitro. The anti-tumor activities of NK cells
were rescued both in vitro and in vivo by
silencing ILT2 expression, although their
proliferation still depended on the stimula-
tion signals of both soluble and membrane-
bound HLA-G.31 This interpretation
explains the outcome of the xenograft
assay in which the size of the subcutaneous
tumor was mainly related to HLA-G
expression levels in tumor cells, not to the
blocking of ILT2. Besides the over-
expression of HLA-G, loss of HLA-G
could be another mechanism of escaping
NK cell-killing. For example, a study of
colorectal cancer reported the absence of
HLA-G expression in most liver metastatic
tissues but its overexpression in primary
tumor lesions.32

Here we found that HLAL-G was con-
trolled by miR-152 in NSCLC. Several pre-
vious studies reported that serum miR-152
had good biomarker potential for NSCLC
screening and recurrence prediction in
resectable NSCLC.10,11 Our work suggested
that HLA-G mediated the regulation of
miR-152 on A549 cell proliferation and tol-
erance to NK cytolysis. However, miR-152

also affected A549 cell migration and colony

formation, which could not be explained in

relation to HLA-G. Recent research

revealed several other targets of miR-152

in NSCLC including fibroblast growth

factor 2, which was down-regulated follow-

ing miR-152 over-expression and suppressed

migration and invasion in several NSCLC

cell lines.33 Additionally, miR-152 targeted

neuropilin-1 to mediate A549 cell invasive-

ness,34 and ADAM metallopeptidase domain

17 to suppress proliferation, colony formation,

migration, and invasion.35

The present study has some limitations.

First, the regulatory relationship between

miR-152 and HLA-G was only investigated

in cellular experiments, not in clinical sam-

ples. This is because we did not accumulate

enough clinical samples, nor did we conduct

a sufficient follow-up at the beginning of

this study. However, the clinical value of

HLA-G and miR-152 is expected to be

better evaluated in future work. Second,

other immune cells, such as B cells, also

express ILT2 on their surface. Therefore,

future studies should block the expression

of ILT2 in NK cells rather than using an

anti-ILT2 antibody in the xenograft assay.
In conclusion, this study showed that

HLA-G could serve as a prognostic

marker in NSCLC. Molecular experiments

suggested that HLA-G could be regulated

by miR-152 and modulate the immune

escape of A549 cells. These findings provide

support for the use of HLA-G as a thera-

peutic target in NSCLC and a candidate

immune therapy checkpoint.
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