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ABSTRACT
Background Long intergenic non- protein coding RNA 
1140 (LINC01140), a long non- coding RNA, is highly 
expressed in various cancers; however, its biological 
functions in lung cancer (LC) progression and immune 
escape are still unclear.
Methods Here, to elucidate LINC01140 function, 79 
paired LC and paracancerous tissues were collected. 
LINC01140 expression levels were determined using 
fluorescence in situ hybridization and qPCR analysis. 
Cell counting kit-8 (CCK-8) assay and transwell assays 
were performed. The interaction between microRNAs 
(miRNAs) and LINC01140 was confirmed using an RNA 
immunoprecipitation assay. Cytokine- induced killer (CIK) 
cell phenotypes were analyzed by flow cytometry. Cytokine 
secretion levels were determined by ELISA. CIK cytotoxicity 
was assessed by measuring lactate dehydrogenase 
release. Besides, xenograft tumor mouse models were 
used to unveil the in vivo function of LINC01140.
Results We found that LINC01140 was highly expressed 
in human LC tissues and cell lines. High LINC01140 
levels were associated with poor survival in patients with 
LC. LINC01140 upregulation promoted the proliferation, 
migration, and invasion of LC cells through direct 
interaction with miR- 33a- 5p and miR- 33b- 5p, thereby 
contributing to c- Myc expression and also inhibited 
cisplatin- induced cell apoptosis. In subcutaneous tumor 
xenograft mice, LINC01140 knockdown markedly 
reduced tumor growth and lung metastasis. Additionally, 
LINC01140 directly repressed miR-377-3 p and miR-155-
5 p expression levels, resulting in the upregulation of their 
common downstream target programmed death- ligand 
1 (PD- L1), a crucial target in LC immunotherapy. Notably, 
we proved that LINC01140 knockdown, along with CIK 
administration, suppressed the growth of subcutaneous 
LC xenografts by decreasing PD- L1 expression in severe 
combined immunodeficient mice.
Conclusions Taken together, LINC01140 overexpression 
protects c- Myc and PD- L1 mRNA from miRNA- mediated 
inhibition and contributes to the proliferation, migration, 
invasion, and immune escape of LC cells. These results 
provide a theoretical basis that LINC01140 is a promising 
target for LC treatment.

BACKGROUND
Lung cancer (LC) is the leading cause of 
cancer- related morbidity and mortality 

worldwide, resulting in millions of deaths 
annually.1 The 5- year survival rate for LC 
remains poor.2 Histologically, patients with 
non- small cell LC (NSCLC) accounts for 
approximately 85% of all LC cases.3 At early 
stage, surgical resection contributes to a 
favorable outcome; however, as symptoms of 
early cancer are difficult to identified, most 
patients are diagnosed at an advanced or 
metastatic stage4 5 and could hardly benefit 
from systemic chemotherapy.6 This high-
lights the need to identify novel biomarker to 
improve the early diagnosis of LC.

Most of the human genome is transcribed 
into non- coding RNA, most of which func-
tions in the regulation of gene expression.7 
Long non- coding RNAs (lncRNAs) have been 
identified as key regulators of numerous 
biological processes, including develop-
ment, differentiation, cell fate determina-
tion, and disease pathogenesis.8–12 LncRNAs 
exert their biological functions by acting as 
signaling mediators, molecular decoys, scaf-
folds, or transcriptional enhancers.13 Inter-
estingly, many lncRNAs serve as competitive 
endogenous RNAs that regulate gene expres-
sion by sponging microRNAs (miRNAs). For 
instance, high expression of the lncRNA 
SNHG1 in LC tissues promotes the progres-
sion of NSCLC by reducing miR-101-3 p level 
and activating the Wnt/β-catenin signaling 
pathway.14 Caveolin-1 enhances the prolif-
eration and metastatic potential of LC cells 
by upregulating the expression of lncRNA 
HOX transcript antisense RNA (HOTAIR).15 
However, the role played by many lncRNAs in 
LC development remains unclear.

LncRNAs are classified into various types, 
including long intergenic non- coding RNAs 
(lincRNAs) and antisense lncRNAs.16 Here, 
we focused on long intergenic non- protein 
coding RNA 1140 (LINC01140), which is 
reported to be upregulated in gastric cancer, 
while LINC01140 along with two other 
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lncRNAs can serve as a marker of the clinical prognosis 
of gastric cancer.17 Additionally, LINC01140 is markedly 
upregulated during pulmonary fibrosis and modulates 
the inflammatory response of the lung, further promoting 
fibrotic lesions. LINC01140 knockdown helped to reduce 
the secretion of inflammatory cytokine factors into the 
microenvironment and to alleviate pulmonary fibrosis 
progression.18

Here, we initially confirmed that LINC01140 was highly 
expressed in LC tissues and then showed that LINC01140 
promoted the proliferation, migration, invasion, and 
immune escape of LC cells by adsorbing several miRNAs 
known to function as tumor suppressors. Our findings 
provide new insights into LC development and identify a 
potential target for LC treatment.

METHODS
Human LC tissues
A total of 79 paired primary LC tumor tissues and adja-
cent normal lung tissues were obtained from the First 
Affiliated Hospital of Xiamen University between 2015 
and 2019. None of the patients had received preoperative 
chemotherapy or radiation therapy or adjuvant therapies. 
One part of each sample was formalin fixed and paraffin 
embedded, while the other was stored in liquid nitrogen 
for subsequent experiments. Clinicopathological charac-
teristics of the 79 patients with LC are listed in table 1.

Cell culture
Human NSCLC cells A549, 95- D, NCI- H226, and H1975, 
human mucoepidermoid bronchiolar carcinoma cell 
line NCI- H292 (hereafter H292), human lung squamous 
carcinoma cells EBC-1, normal human lung epithelial 
cell line BEAS- 2B, human bronchial epithelial (HBE) 
cells, and 293T cells were purchased from American Type 
Culture Collection (Manassas, Virginia, USA). LC cells 
were grown in RPMI1640 medium (Gibco) containing 
10% fetal bovine serum (Gibco) and 1% penicillin–strep-
tomycin (Gibco). BEAS- 2B,19 20 HBE, and 293T cells were 
cultured using Dulbecco's modified Eagle's medium 
(DMEM) medium (Gibco) plus 10% fetal bovine serum 
and 1% penicillin–streptomycin. All cells were kept at 
37°C in a humidified culture incubator gassed with 5% 
CO2.

Cytokine-induced killer (CIK) cell preparation
Peripheral blood was collected from patients into 
vacutainer tubes containing heparin (anticoagulant). 
Peripheral blood mononuclear cells (PBMCs) were 
isolated by Ficoll- Conray density gradient centrifugation, 
rinsed three times with phosphate- buffered saline (PBS, 
pH 7.4), and seeded into six- well plates (2×106 cells/mL). 
The cells were then cultured in RPMI 1640 supplemented 
with 10% inactivated human serum and maintained at 
37°C in a saturated atmosphere containing 5% CO2.

On day 1, recombinant human interferon- gamma 
(IFN-γ, 1×106 U/L), recombinant human interleukin 

(IL)—2 (5×105 U/L), 25 M HEPES, and 2 mM L- glu-
tamine were added into the culture medium. Twenty- 
four hours later, monoclonal antibodies targeting human 
CD3 (100 µg/L, Antibody Diagnostic, New York, USA) and 
IL-1α (1×105 U/L) were added. After 2 days of culture, 
culture medium was replaced with IFN-γ-free medium 
and changed every 3 days. CIK cells were harvested 12–14 
days and the percentage of live cells was calculated using 
trypan blue (0.2%) staining.

Xenograft mouse models
The animal experiments were approved by the Animal 
Care and Use Committee of the First Affiliated Hospital of 
Xiamen University. Eight- week- old female severe combined 
immunodeficient mice, weighing between 20 g and 25 g, 
were purchased from the Laboratory Animal Center, 
Guangzhou, China, and housed for at least 1 week before 
use. Tumor cells (3×107 cells/mL) were resuspended in PBS 

Table 1 The clinicopathological factors of patients (79 
cases)

Characteristics Number of cases (%)

Age (years)

  ≤60 47 (59.5)

  ＞60 32 (40.5)

Gender

  Male 43 (54.4)

  Female 36 (45.6)

Smoking

  Yes 57 (72.2)

  No 22 (27.8)

Pathological types

  Adenocarcinoma 41 (51.9)

  Squamous carcinoma 38 (48.1)

Differentiation degree

  High 19 (24.1)

  Moderate 34 (43)

  Low 26 (32.9)

TNM stage

  Ⅰ+Ⅱ 58 (73.4)

  Ⅲ 21 (26.6)

Tumor size (cm)

  ＜3 59 (74.7)

  ≥3 20 (25.3)

Lymph node metastasis

  No 44 (55.7)

  Yes 35 (44.3)

Distant metastasis

  No 61 (77.2)

  Yes 18 (22.8)

TNM, tumor–node–metastasis.
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chilled to 4°C. To establish subcutaneous tumor xenograft 
model, 100 µL of a cell suspension containing 3×106 cells 
was subcutaneously injected into the dorsal flank of the 
mice (n=6 mice per group). To further evaluate the effect 
of miRNAs on tumor growth, 100 µL of miRNA mimics 
(2 mg/mL) were injected intratumorally into mice bearing 
A549 tumors 7 days after inoculation and were adminis-
trated every week for 6 weeks. Tumor growth was measured 
weekly using calipers. Tumor volumes were determined 
using 1/2 (length×width2).

To generate the lung metastasis model, LC cells 
(3×107 cells/mL, 50 µL) were administered intravenously 
to mice via tail vein infusion (n=6 mice/group). After 
4–6 weeks of growth, fresh tumor tissues were surgically 
removed from the animals after euthanasia and collected 
for subsequent experiments. To further assess the role of 
miRNAs on tumor metastasis, 50 µL of miRNA mimics were 
injected via the tail vein after the establishment of the lung 
metastasis mouse model (once weekly for 6 weeks). The 
control group was administered an equal volume of PBS via 
tail vein injection.

To investigate the cytotoxic effect of CIK cells in vivo, 
subcutaneous tumor xenograft models were generated 
as described above and mice with similar tumor sizes 
were selected (n=6/group). Mice from each group were 
administered 50 µL of a suspension containing 5×106 CIK 
cells by peritumoral injection every 3 days, five injections 
in total. Tumor diameter was also measured weekly and 
tumor growth curves were plotted. After euthanasia, tumor 
nodules were excised and tumor volume was measured. 
Besides, 1 week after CIK cell injection, the mice were 
anesthetized and peripheral blood was obtained by retro- 
orbital bleeding. Cytokine levels and the proportion of 
CD3+/CD56 + double- positive cells were assessed by flow 
cytometry.

Statistical analysis
Data were analyzed using IBM SPSS V.21.0 software (IBM 
Corp., Armonk, New York, USA). A two- tailed Student’s 
t- test was used for comparisons between two groups. Statis-
tical significance was determined using one- way analysis 
of variance (ANOVA) with the post hoc Bonferroni test 
for multiple comparisons. Correlations between different 
genes were determined by Pearson correlation analysis. 
Overall survival (OS) of patients with LCs was assessed by 
the Kaplan- Meier method and log- rank test. P values<0.05 
were considered statistically significant. All experiments 
were independently repeated at least three times.

Additional methods are available in online supple-
mental materials and methods.

RESULTS
LINC01140 is significantly upregulated in LC tissues and cells
To uncover the biological function of LINC01140 in LC, 
LINC01140 expression levels in 79 paired LC and normal 
tissues were tested. We found that LINC01140 expression 
was greatly upregulated in both lung adenocarcinoma 

and squamous cell carcinoma tissues compared with 
adjacent normal samples (figure 1A). High LINC01140 
expression in LC samples was associated with advanced 
tumor–node–metastasis (TNM) stage and distant metas-
tases (figure 1B,C). LC patients with a higher level 
of LINC01140 showed a worse OS, suggesting that 
LINC01140 promotes LC progression (figure 1D). In vitro 
experiments further indicated that LINC01140 expres-
sion was higher in LC cells than in human normal lung 
epithelial cells (figure 1E). The distribution of LINC01140 
was measured by extracting RNA from the nucleus and 
cytoplasm (figure 1F) and lung adenocarcinoma and 
lung squamous cell carcinoma cells displayed predomi-
nantly cytoplasmic LINC01140, which was further vali-
dated by fluorescence in situ hybridization (FISH) assay 
(figure 1G). Consistently, FISH- targeting LINC01140 
revealed that LINC01140 expression was stronger in LC 
tissues than in non- tumor tissues and was also mostly 
localized to the cytoplasm (figure 1H,I). Besides, in line 
with the length (3342 nucleotides) by sequencing (online 
supplemental figure S1), gel electrophoresis of the qPCR 
products confirmed that these LINC01140 sequences 
ranged from 3000 to 5000 nucleotides.

Next, LINC01140- knockdown LC cell lines (lung 
adenocarcinoma cells A549 and lung squamous carci-
noma cells EBC-1) were generated by infection with 
lentivirus carrying LINC01140 shRNA (sh- LINC01140), 
of which sh1- LINC01140 and sh2- LINC01140 showing 
high silencing efficiency were selected for subsequent 
experiments. LINC01140- knockdown LC cells exhib-
ited a marked reduction in proliferative and colony- 
forming abilities. Besides, flow cytometric analysis of 
phospho- histone 3 (PHH3)- positive cells confirmed that 
the percentage of PHH3- positive cells in LINC01140- 
knockdown cells was significantly lower than that in 
control cells (online supplemental figure S2a–l). More-
over, LINC01140- knockdown LC cells showed attenu-
ated migratory and invasive capacities as determined by 
scratch and transwell assays (online supplemental figure 
S2m–p).

To determine the effect of LINC0114 knockdown on 
tumor cell responses to cisplatin (DDP), cell apoptosis was 
tested by flow cytometry. We found that the percentage of 
apoptotic cells was increased in LINC01140- knockdown 
LC cells, as were the intracellular levels of reactive oxygen 
species (ROS); however, the effect was not significant for 
sh1- LINC01140, as compared with the wild- type (WT) 
cells (online supplemental figure S3). Furthermore, 
compared with the untreated control cells, DDP treat-
ment (1 µg/mL, 24 hours) significantly increased the 
proportion of apoptotic LINC01140- knockdown LC cells 
and contributed to increased ROS levels (online supple-
mental figure S4). Conversely, LINC01140 overexpres-
sion significantly enhanced proliferative, migratory, and 
invasive abilities of LC cells, but decreased the levels of 
DDP- induced apoptosis (online supplemental figure S5). 
These findings suggested that LINC01140 functioned as 
an oncogene, promoting LC cell proliferation, migration, 
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Figure 1 Long intergenic non- protein coding RNA 1140 (LINC01140) is significantly increased in lung cancer (LC) tissue. 
(A) qPCR results showed that LINC01140 was significantly upregulated in lung adenocarcinoma and lung squamous cell 
carcinoma. (B) Stage III/IV lung adenocarcinoma and/or lung squamous cell carcinoma with high expression level of LINC01140 
versus stage I/II LC with low expression level of LINC01140. (C) Expression of LINC01140 in tumor tissues of LC patients with 
metastasis was higher than that in tumor tissues of lung non- metastasis groups. (D) Survival analysis of the LC patients with 
LINC01140 high and low expression using the Kaplan- Meier survival analysis. High expression of LINC01140 was associated 
with poor survival outcome in patients with LC. (E) Expression of LINC01140 in LC cells was significantly higher than that in 
normal lung epithelial cells. (F) Relative LINC01140 expression levels in nuclear and cytosolic fractions of A549, H1975, and 
H292 cells. Nuclear controls: U6, cytosolic controls: GAPDH. (G) RNA FISH assay revealed LINC01140 mainly located in the 
cytoplasm of LC cells (A549 and EBC-1) and normal lung epithelial cells HBE. Nuclei was stained by DAPI as blue, LINC01140 
sequence was labeled by FAM as green. Scale bar in HBE cells: 50 µm. Scale bar in A549 and EBC-1 cells: 10 µm. FISH analysis 
indicated that LINC01140 was significantly upregulated in (H) lung adenocarcinoma and (I) lung squamous cell carcinoma 
tissues. Scale bar: 100 µm. Statistical significance was determined using paired Student’s t- test, one- way analysis of variance 
test, or Kaplan- Meier survival analysis. Error bars, mean±SD. Each experiment was repeated at least three times. *p<0.05; 
**p<0.01; ***p<0.001. FISH, fluorescence in situ hybridization; HBE, human bronchial epithelial; LA, lung adenocarcinoma; 
LSCC, lung squamous cell carcinoma; GAPDH, glyceraldehyde-3- 3phosphate dehydrogenase; DAPI, 4',6- diamidino-2- 
phenylindole; FAM, fluorophore 6- carboxyfluorescein.
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and invasion and suppressing chemotherapy- induced 
apoptosis in vitro.

LINC01140 promotes the malignant phenotypes of LC cells by 
acting as miRNAs sponge
LncRNAs exert ‘sponge- like’ effects on various miRNAs, 
thereby inhibiting miRNA- mediated biological func-
tions. Consequently, we assessed potential interactions 
between LINC01140 and miRNAs. Based on LncBase 
Predicted v.2 and the LNCediting database, we selected 
138 miRNAs scored highly in this analysis. To confirm 
interactions between LINC01140 and these miRNAs, 
we performed RNA antisense purification (RAP) using 
LINC01140 probes and identified interactions for 43 of 
the 138 miRNAs (online supplemental table S3). Consid-
ering the competing endogenous RNA theory, namely, 
that lncRNA and miRNA expression exhibit opposing 
trends, we hypothesized that miRNAs with high expres-
sion levels in sh1- LINC01140 cells and low expression 
levels in LINC01140- overexpressing cells were more 
likely to be directly bound by LINC01140. Of the 43 
miRNAs confirmed to interact with LINC01140 (online 
supplemental figure S6), 25 were significantly downregu-
lated in LINC01140- overexpressing cells (online supple-
mental table S4), while 18 were markedly upregulated 
in LINC01140- silenced cells (online supplemental table 
S5). The intersection of the two sets yielded 13 commonly 
expressed miRNAs (Venn diagram in figure 2A).

We then performed rescue experiments to further 
explore which miRNAs were specifically regulated by 
LINC01140 in LC cells. First, the effects of specific inhib-
itors (antisense nucleotide strands) of the 13 miRNAs 
on LC cells were evaluated by cell proliferation, colony 
formation, and transwell assays. Only miR- 33a- 5p and 
miR- 33b- 5p significantly reversed the LINC01140 
knockdown- induced phenotypes (figure 2B–E). Further 
in vivo experiments demonstrated that LINC01140 
knockdown greatly inhibited LC cell growth and metas-
tasis. miR- 33a- 5p mimics treatment along with LINC01140 
knockdown exerted a significant synergistic effect on 
the proliferative and metastatic capacities of LC cells 
(figure 2F–H,J). Consistent with the phenotypical find-
ings, immunohistochemistry revealed that LINC01140 
knockdown significantly downregulated the expression 
of proliferation markers Ki-67 and PHH3 in subcuta-
neous tumors, and treating LINC01140- knockdown cells 
with miR- 33a- 5p mimics further decreased immunohisto-
chemistry staining scores of Ki-67 and PHH3 (figure 2I).

LINC01140/miRNAs axis regulates c-Myc expression
To further confirm that LINC01140 could directly bind 
to miR- 33a- 5p and miR- 33b- 5p and to identify their 
downstream target genes, the putative binding sites for 
miR- 33a- 5p/miR- 33b- 5p on LINC01140 were predicted 
by LncBase Predicted v.221 and dual- luciferase reporter 
assays were performed. c- Myc, a well- known oncogene, 
was identified as a potential downstream target of miR- 
33a- 5p and miR- 33b- 5p through TargetScanHuman 

V.7.2. First, dual- luciferase reporter assays confirmed that 
mutating the miR- 33a- 5p and miR- 33b- 5p binding sites in 
LINC01140 resulted in a significant decrease in luciferase 
activity (online supplemental figures S7–S9). Second, 
a similar result was observed when putative miR- 33a- 5p 
and miR- 33b- 5p binding sites in the c- Myc 3′- untranslated 
regions (3′- UTR) were mutated. Combined, these find-
ings suggested that both miRNAs directly interacted with 
LINC01140 and the c- Myc 3′- UTR (figure 3A–D).

Given the reported tumor suppressor roles of miR- 
33a- 5p and miR- 33b- 5p in LC, we then assessed their 
expression levels in LC tissues. Both miRNAs were signifi-
cantly downregulated in LC tissues compared with adja-
cent normal tissues and correlated with TNM stage and 
distant metastasis (figure 3E–G). The expression levels 
of c- Myc and LINC01140 were negatively correlated with 
those of miR- 33a- 5p and miR- 33b- 5p, while LINC01140 
expression was positively correlated with c- Myc mRNA 
levels (figure 3H–J). Notably, LC patients with high miR- 
33a- 5p and miR- 33b- 5p expression exhibited longer 
OS (figure 3K). Besides, miR- 33a- 5p and miR- 33b- 5p 
levels were significantly lower in LC cells than in normal 
human lung epithelial cells (figure 3L). Compared with 
controls, the expression of both miRNAs was significantly 
increased, whereas c- Myc mRNA expression was signifi-
cantly decreased in LINC01140- knockdown LC cells. 
Meanwhile, western blotting showed that LINC01140 
knockdown significantly reduced c- Myc protein expres-
sion, an effect that was partially reversed following miR- 
33a- 5p/miR- 33b- 5p inhibitor treatment (figure 3M–P).

Next, we first confirmed that c- Myc knockdown 
suppressed the malignant phenotypes of LC cells (online 
supplemental figure S10). Then, in WT LC cells, treat-
ment with miR- 33a- 5p or miR- 33b- 5p inhibitors/mimics 
significantly downregulated/upregulated miR- 33a- 5p/
miR- 33b- 5p expression and increased/decreased c- Myc 
expression (online supplemental figure S11a,b). Treat-
ment with inhibitors targeting the other 11 above- 
mentioned miRNAs had no effect on c- Myc expression. 
We further found that c- Myc expression was significantly 
increased in LINC01140- overexpressing LC cells, but this 
effect could be rescued by treatment with miR- 33a- 5p or 
miR- 33b- 5p mimics (online supplemental figure S11c,d). 
These results suggested that LINC01140 promotes LC 
progression through the miRNAs/c- Myc axis.

miR-377-3 p and miR-155-5 p, the downstream of LINC01140, 
directly bind to the 3′-UTR of PD-L1 mRNA, leading to a 
decrease in PD-L1 expression
LncRNAs are known to be important in cancer immunity 
regulation.22 PD- L1, also known as B7- H1, is a member 
of the B7 superfamily that interacts with PD-1 to inhibit 
T- cell activity and induces effector T- cell apoptosis, 
thereby impairing antitumor T- cell immunity.23–25 As 
PD- L1 is significantly upregulated in most tumor tissues 
and represents a highly promising target for immune 
therapy, we next explored whether the 13 miRNAs 
predicted to directly bind LINC01140 could affect PD- L1 
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Figure 2 Long intergenic non- protein coding RNA 1140 (LINC01140)/microRNAs (miRNAs) axis modulates the biological 
behavior of lung cancer (LC) cells. (A) Schematic diagram of the screening strategy to identify miRNAs that directly bound to 
LINC01140. (B) CCK-8 assay showed that downregulation of miR- 33a- 5p or miR- 33b- 5p partially reversed the antiproliferative 
effects of LINC01140 silencing on LC cells. (C) Colony formation experiments confirmed that miR- 33a- 5p or miR- 33b- 5p 
inhibitors partially reversed LINC01140 knockdown- induced colony formation inhibition in LC cells. (D,E) Transwell assays 
demonstrated that miR- 33a- 5p or miR- 33b- 5p inhibitors partially reversed inhibition of cell migration (top panel) and invasion 
(bottom panel) by LINC01140 knockdown. Scale bar: 100 µm. (F,G) CCK-8 and colony formation assays showed that 
LINC01140 knockdown in combination with upregulation of miR- 33a- 5p or miR- 33b- 5p had synergistic inhibitory effect on LC 
cell proliferation. (H) Xenograft mouse model confirmed that LINC01140 silencing inhibited LC cell growth in vivo, and miR- 33a- 
5p or miR- 33b- 5p mimics could further repress tumor growth. Scale bar: 1 cm. (I) Immunohistochemical experiment revealed 
that LINC01140 silencing significantly reduced the protein level of PHH3 and Ki-67 in tumor tissues from the xenograft models 
(n=6 mice per group) and miR- 33a- 5p or miR- 33b- 5p mimics further downregulated their expression levels. Scale bar: 100 µm. 
(J) H&E staining demonstrated that LINC01140 silencing reduced the number of tumor nodules in lung metastasis models and 
miR- 33a- 5p or miR- 33b- 5p mimics further suppress lung metastasis in nude mice. Scale bar (upper panels): 400 µm; Scale bar 
(lower panels): 10 µm. Statistical significance was determined using one- way analysis of variance test. Error bars, mean±SD. 
Each experiment was repeated at least three times. *p<0.05; **p<0.01; ***p<0.001. RAP, RNA antisense purification; sh, short 
hairpin RNA; CCK-8, cell counting kit-8.
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Figure 3 Long intergenic non- protein coding RNA 1140 (LINC01140)/microRNAs (miRNAs) axis modulates c- Myc expression. 
(A) Schematic representation of the predicted binding sites between LINC01140 and miR- 33a- 5p (top) or miR- 33b- 5p (bottom). 
(B) Luciferase activity in 293T cells transfected with luciferase reporter pmirGLOs containing wild type of LINC01140/mutant 
construct and miR-3620-3 p mimics/inhibitor. (C) Schematic diagram of a predicted binding site of miR- 33a- 5p (top) or miR- 
33b- 5p (bottom) in the 3′-untranslated regions of human c- Myc mRNA. (D) Dual luciferase reporter assays. (E) miR- 33a- 5p (left) 
or miR- 33b- 5p (right) were significantly downregulated in human lung cancer (LC) tissues compared with adjacent non- tumor 
tissues. (F) MiR- 33a- 5p or miR- 33b- 5p expression was highly reduced in stages III–IV LC tissues compared with in stages I–II 
LC tissues. (G) Expression level of miR- 33a- 5p or miR- 33b- 5p in tumor tissues of LC patients with metastasis was significantly 
lower than that of LC patients without metastasis. (H) LINC01140 expression has a negative correlation with miR- 33a- 5p (left) 
or miR- 33b- 5p (right) expression in LC tissues. (I) The correlation between miR- 33a- 5p (left) or miR- 33b- 5p (right) and c- Myc 
expression in LC tissues. (J) A positive correlation between LINC01140 level and c- Myc expression in LC tissues. (K) Survival 
analysis revealed that LC patients with high expression of miR- 33a- 5p or miR- 33b- 5p had a longer survival time. (L) qPCR 
analysis of the expression of miR- 33a- 5p or miR- 33b- 5p in LC cell lines. (M) qPCR analysis confirmed that miR- 33a- 5p or miR- 
33b- 5p was upregulated in LINC01140- silenced LC cells. (N) LINC01140 knockdown resulted in a significant downregulation of 
c- MYC mRNA in A549 and EBC-1 cells. (O,P) The protein level of c- MYC. GAPDH and U6 were used as endogenous controls. 
Statistical significance was determined using paired Student’s t- test, one- way analysis of variance test, Pearson correlation 
analysis, or Kaplan- Meier survival analysis. Error bars, mean±SD. Each experiment was repeated at least three times. *p<0.05; 
**p<0.01; ***p<0.001. N.S., no significant difference. GAPDH, glyceraldehyde-3- phosphate dehydrogenase.
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expression. Data showed that treatment with miR-377-3 p 
or miR-155-5 p mimics could dose- dependently reduce 
PD- L1 expression levels in LC cells.

Next, we predicted the binding sites for miR-377-3 p/
miR-155-5 p on the 3′- UTR of PD- L1 mRNA through 
TargetScanHuman V.7.2 (figure 4A). Dual- luciferase 
reporter assays confirmed that both miR-377-3 p and 
miR-155-5 p could bind to the WT PD- L1 3′-UTR 
sequence, but not when the binding sites were mutated 
(figure 4B). RAP analysis yielded similar results (online 
supplemental figure S12a,b). In the 79 paired LC 
samples, both miR-377-3 p and miR-155-5 p were inversely 

correlated with PD- L1 mRNA levels (figure 4C). Given 
that miR-377-3 p and miR-155-5 p can bind directly to 
LINC01140, we then analyzed the correlation between 
LINC01140 and immune markers in clinical samples. We 
found that LINC01140 levels were positively correlated 
with the immunohistochemical score for PD- L1 and CD3 
in LC tissues (figure 4D).

LINC01140 knockdown in LC cells significantly 
downregulated PD- L1 expression relative to controls 
(figure 4E,F). To elucidate the effect of miR-377-3 p and 
miR-155-5 p on PD- L1 expression in LC cells, WT LC cells 
were subjected to treatment with miR-377-3 p/miR-155-5 p 

Figure 4 miR-377-3 p or miR-155-5 p directly binds to the 3′-untranslated regions (3′-UTR) of PD- L1 mRNA and downregulates 
its expression. (A) Schematic diagram of the predicted binding sites between the 3′- UTR of PD- L1 mRNA and miR-155-5 p 
(upper panel) or miR-377-3 p (lower panel). (B) Dual luciferase reporter assays in 293T cells of miR-377-3 p (left) or miR-155-5 p 
(right) target sites predicted in the 3′- UTR of PD- L1. (C) A negative correlation between miR-377-3 p/miR-155-5 p and PD- L1 
levels in lung cancer (LC) tissues. (D) The expression of long intergenic non- protein coding RNA 1140 (LINC01140) in lLC tissue 
was positively correlated with PD- L1 IHC score and negatively correlated with CD3 IHC score. Scale bar: 100 µm. (Silencing of 
LINC01140 significantly attenuated PD- L1 expression in (E) A549 and (F) EBC-1 cells. (G) MiR-377-3 p/miR-155-5 p mimics and 
the inhibitor significantly increased or decreased the corresponding miRNA level in A549 (left) and EBC-1 (right) cells. MiR-377-
3 p or miR-155-5 p inhibitor upregulated, while their mimics downregulated the expression of PD- L1 expression in (H) A549 and 
(I) EBC-1 cells. (J,K) LINC01140 knockdown contributed to the reduction of PD- L1 expression, but miR-377-3 p or miR-155-
5 p inhibitors partially rescued the results caused by knockdown of LINC01140. Statistical significance was determined using 
one- way analysis of variance test and Pearson correlation test. GAPDH and U6 were used as endogenous controls. Error bars, 
mean±SD. Each experiment was repeated at least three times. *p<0.05; **p<0.01; ***p<0.001. N.S., no significant difference. 
PD- L1, programmed death- ligand 1; IHC, immunohistochemistry; GAPDH, glyceraldehyde-3- phosphate dehydrogenase.
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inhibitors or mimics for 48 hours. qPCR- based validation 
showed that the levels of both miRNAs were markedly 
downregulated/upregulated following treatment with 
the inhibitors/mimics (figure 4G). Western blot results 
demonstrated that the corresponding inhibitors signifi-
cantly upregulated PD- L1 expression, whereas the mimics 
exerted the opposite effects (figure 4H,I). Moreover, 
treatment with either inhibitor reversed the reduction 
in PD- L1 expression levels observed in LINC01140- 
knockdown LC cells (figure 4J,K). In contrast, LINC01140 
overexpression in LC cells led to a significant increase in 
PD- L1 expression, which was attenuated by miRNA mimic 
treatment (online supplemental figure S12c–f).

LINC01140 directly binds to miR-377-3p and miR-155-5p and 
negatively modulates their expression levels
To further clarify the LINC01140- mediated effects of 
miR-377-3 p and miR-155-5 p on PD- L1 expression in 
LC cells, the putative binding sites for miR-377-3 p/
miR-155-5 p on LINC01140 were shown in figure 5A 
and online supplemental figures S13 and S14. Dual- 
luciferase reporter assays confirmed that miR-377-3 p and 
miR-155-5 p could directly bind to LINC01140 (figure 5B 
and online supplemental figure S9). RAP assays further 
confirmed these results (figure 5E). In addition, FISH 
revealed that LINC01140 colocalized with miR-377-3 p 
and miR-155-5 p in the cytoplasm of LC cells (figure 5C,D) 
and that miR-377-3 p and miR-155-5 p expression levels 
were significantly lower in LC cells than in normal human 
lung epithelial cells (figure 5F). LINC01140 knockdown 
in LC cells led to a significant increase in miR-377-3 p and 
miR-155-5 p levels compared with those in the controls 
(figure 5G).

Further, in LC tissues, miR-377-3 p and miR-155-5 p 
levels were significantly decreased and were associated 
with TNM stage and metastasis (figure 5H–J). Among 
the 79 patients with LC, those with high miR-377-3 p 
or miR-155-5 p expression had longer OS (figure 5K). 
Besides, LINC01140 expression level was negatively 
correlated with miR-377-3 p and miR-155-5 p but positively 
correlated with PD- L1 expression (figure 5L). These find-
ings indicated that the LINC01140/miRNA/PD- L1 axis 
has a role in the LINC01140- mediated promotion of LC 
progression.

LINC01140/miRNAs/PD-L1 axis facilitates immune escape in 
LC
FISH analysis showed that miR-377-3 p and miR-155-5 p 
colocalized with PD- L1 mRNA in the cytoplasm of LC 
cells, providing additional evidence that miR-377-3 p 
and miR-155-5 p regulate PD- L1 expression (figure 6A). 
Subsequent flow cytometric analysis indicated that 
LINC01140 knockdown decreased the fluorescence asso-
ciated with the anti- PD- L1 antibody (left peak); however, 
miR-377-3 p inhibitor treatment reversed these effects 
(right peak), indicating that PD- L1 expression on the cell 

surface could be regulated by LINC01140/miR-377-3 p 
and LINC01140/miR-155-5 p axis (figure 6B).

To then assess the regulatory role of the LINC01140/
miRNAs/PD- L1 axis on immune responses in LC cells, 
the cytotoxicity of PBMC- derived CIK cells against LC 
cells was determined in vitro based on IFN-γ production. 
Phytohemagglutinin (PHA) was used as a control. Cocul-
turing WT LC cells with CIK cells significantly inhibited 
IFN-γ secretion compared with PHA treatment alone. 
In contrast, IFN-γ secretion was significantly elevated 
in LINC01140- silenced LC cells cocultured with CIK 
cells at a 1:1 ratio. However, treatment with either the 
miR-377-3 p or miR-155-5 p inhibitor partially reversed the 
results induced by LINC01140 knockdown (figure 6C). 
Data further demonstrated that, when tumor cells were 
cocultured with CIK cells at different ratios (1:10, 1:20, 
or 1:40) for 24 hours, cell viability was markedly reduced 
in LINC01140- knockdown LC cells compared with in 
WT LC cells, and LDH release levels were significantly 
higher in LINC01140- knockdown LC cells than in WT 
LC cells, suggestive of a significant decrease in cellular 
activity. However, miR-377-3 p or miR-155-5 p inhibitor 
partially reversed the results caused by LINC01140 knock-
down in LC cells (figure 6D; online supplemental figure 
S15). Similar results were observed following bright field 
images and crystal violet staining of adherent cells (online 
supplemental figure S16A–D). Conversely, LINC01140 
overexpression in LC cells inhibited the capacity of CIK 
cells to secrete IFN-γ. MiR-377-3 p or miR-377-3 p mimics 
partially rescued the changes induced by LINC01140 
overexpression (online supplemental figure S15).

To further evaluate the effect of tumor cells on early 
apoptosis in CIK cells, we cocultured tumor cells with CIK 
cells for 24 hours and then quantified the percentage of 
early apoptotic CIK cells using annexin V- FITC staining. 
Coculture with LINC01140- knockdown cells signifi-
cantly reduced the percentage of apoptotic CIK cells 
compared with coculture with WT cells, while treatment 
with miR-377-3 p mimics further enhanced these effects 
(online supplemental figure S16e,f). These findings 
suggested that LINC01140/miRNAs/PD- L1 axis facili-
tates immune tolerance toward CIK cells.

Next, to confirm the role of the LINC01140/miRNA/
PD- L1 axis on tumor immune escape, we generated 
subcutaneous xenograft mouse models. When the 
resulting tumors had grown to approximately the same 
size, the mice received a peritumoral injection of CIK 
cells. Compared with the control group, the in vivo 
growth of LINC01140- knockdown LC cell- derived tumors 
was significantly suppressed following CIK cell injection. 
Moreover, treatment with miR-377-3 p or miR-155-5 p 
mimics enhanced the cytotoxicity of CIK cells toward 
LINC01140- knockdown LC cells (figure 6E–H). As 
miR-377- 3P or miR-155- 5P mimics did not affect tumor cell 
proliferation, these effects were likely due to miR-377-3 p 
or miR-155-5 p- mediated regulation of PD- L1 expression. 
In support of this possibility, western blotting revealed 
that LINC01140 knockdown significantly reduced Ki-67, 
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Figure 5 Long intergenic non- protein coding RNA 1140 (LINC01140) directly binds to miR-377-3 p and miR-155-5 p and 
negatively regulates their expression. (A) Schematic diagram of putative binding sites between LINC01140 and miR-155-5 p 
(top) or miR-377-3 p (bottom). (B) Dual luciferase reporter assays in 293T cells showed the direct interaction between miR-155-
5 p (left) or miR-377-3 p (right) and LINC01140. RNA fluorescence in situ hybridization assay revealed LINC01140 colocalized 
with miR-155-5 p (bottom) or miR-377-3 p (top) in the cytoplasm of (C) A549 and (D) EBC-1 cells. Nuclei was stained by DAPI 
as blue. LINC01140 sequence was labeled by FAM as green. MiR-155-5 p or miR-377-3 p sequence was labeled by Cy3 as 
red. Scale bar: 10 µm. (E) RNA immunoprecipitation experiment in lung cancer (LC) cells confirmed the interaction between 
LINC01140 and miR-377-3 p or miR-155-5 p. (F) Expression levels of miR-377-3 p (right) and miR-155-5 p (left) in LC cells was 
significantly lower than in normal human lung epithelial cells. (G) Silencing of LINC01140 in LC cells significantly increased 
the expression levels of miR-377-3 p and miR-155-5 p. (H) miR-377-3 p and miR-155-5 p are significantly downregulated in LC 
tissues (N=79). (I) The expression levels of miR-377-3 p and miR-155-5 p in stages III–IV LC are lower than that in stages I–II LC 
(N=79). (J) MiR-377-3 p and miR-155-5 p levels in the tumor tissues of LC patients with metastasis are lower than that of LC 
patients without metastasis. (K) LC patients with high expression of miR-377-3 p or miR-155-5 p had a longer survival time as 
shown by Kaplan- Meier survival analysis. (L) LINC01140 in LC tissue is negatively correlated with the expression levels of miR-
377-3 p and miR-155-5 p, but positively correlated with the level of PD- L1 mRNA. GAPDH and U6 were used as endogenous 
controls. Statistical significance was determined using paired Student’s t- test, one- way analysis of variance test, Pearson 
correlation analysis, or Kaplan- Meier survival analysis. Error bars, mean±SD. Each experiment was repeated at least three 
times. *p<0.05; **p<0.01; ***p<0.001. N.S., no significant difference. PD- L1, programmed death- ligand 1; DAPI, 4',6- diamidino-
2- phenylindole; FAM, fluorophore 6- carboxyfluorescein; GAPDH, glyceraldehyde-3- phosphate dehydrogenase.
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Figure 6 Long intergenic non- protein coding RNA 1140 (LINC01140)/microRNAs/PD- L1 axis mediates immune escape 
of lung cancer (LC) in vitro and in vivo. (A) RNA fluorescence in situ hybridization experiments confirmed that miR-155-
5 p (lower panels) or miR-377-3 p (upper panels) colocalized with PD- L1 mRNA in the cytoplasm of A549 cells. Scale bar: 
50 µm. (B) Flow cytometry showed that silencing of LINC01140 significantly reduced the expression of PD- L1 in LC cells. (C) 
Phytohemagglutinin (PHA)- activated human PBMCs were cocultivated with LC cells for 24 hours at 37°C. And ELISAs confirmed 
that silencing of LINC01140 elevated the level of IFN-γ in the supernatant, but miR-155-5 p or miR-377-3 p inhibitors partially 
reversed the changes caused by LINC01140 knockdown. (D) PHA- activated human PBMCs and LC cells were cocultured at 
a ratio of 10:1, 20:1, or 40:1, and then CCK-8 was performed to test cell viability. (E) The therapeutic effect of CIK cells on the 
in vivo growth of tumor cells and representative pictures. Scale bar: 1 cm. (F) miR-377-3 p level in xenografted tumor tissues. 
(G) Tumor growth was monitored prior to, during, and after CIK cell transplantation. (H) miR-155-5 p level in xenografted tumor 
tissues. (I) The protein expression of PD- L1, cleaved caspase-3, Ki-67, and c- Myc in tumor tissues in vivo. (J) Representative 
images and statistical analysis of IHC staining of PD- L1 and cleaved caspase-3 in xenografted tumors. (K) The levels of 
interleukin (IL)-2, TNF-α, and IFN-γ in peripheral blood of tumor- bearing mice were evaluated by ELISA 7 days after CIK cell 
injection. (L) Representative images and statistical results of CD3+CD56+ cells in peripheral blood of tumor- bearing mice 
determined by flow cytometry 7 days after CIK cell transplantation. N=6 mice per group. Statistical significance was determined 
using one- way analysis of variance test. Error bars, mean±SD. Each experiment was repeated at least three times. *p<0.05; 
**p<0.01; ***p<0.001. CIK, cytokine- induced killer. PD- L1, programmed death- ligand 1; DAPI, 4',6- diamidino-2- phenylindole; 
PBMCs, peripheral blood mononuclear cells; IFN-γ, interferon- gamma; CCK-8, cell counting kit-8; IHC, immunohistochemistry; 
TNF-α, tumor necrosis factor- alpha.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002746 on 25 A

ugust 2021. D
ow

nloaded from
 

http://jitc.bmj.com/


12 Xia R, et al. J Immunother Cancer 2021;9:e002746. doi:10.1136/jitc-2021-002746

Open access 

c- Myc, and PD- L1 expression, while further treatment 
with miR-155-5 p mimics downregulated the expression 
of PD- L1, but not that of Ki-67 or c- Myc (figure 6I). Addi-
tionally, LINC01140 knockdown increased the immuno-
histochemical score for cleaved caspase-3 in xenograft 
tumor tissues, an effect that was further enhanced by 
miR-155-5 p mimics treatment (figure 6J), suggesting that 
CIK cells can induce apoptosis in tumor cells. Importantly, 
considering that this part of the results was obtained 
from LC cells with stable knockdown of LINC01140, 
LINC01140 knockdown caused alterations in cell prolif-
eration and apoptosis as mentioned above. To exclude 
effects of LINC01140 on tumor progression, we therefore 
performed experiments using miRNA-377 or miRNA-155 
mimics alone following administration with CIK cells in 
vivo. We found that intratumoral miRNA-377 or miRNA-
155 mimics injection had no effect on tumor growth 
compared with control group. However, further CIK cells 
transfusion significantly restrained tumor growth. It was 
accompanied with increased cleaved- caspase-3 protein 
expression and decreased PD- L1 protein expression 
in tumor tissues. Biological activities of miRNA-377 or 
miRNA-155 in LC tissues were confirmed to be indepen-
dent of cell proliferation (online supplemental figure 
S17). Collectively, these results showed that miRNA-377 
or miRNA-155 was able to increase the killing effect of 
CIK cells by mediating PD- L1 protein expression in 
comparison to controls.

Further, after CIK cell injection, we measured the cyto-
kine levels in the peripheral blood of mice and found that 
the levels of IL-2, tumor necrosis factor- alpha (TNF-α), 
and IFN-γ were significantly increased in mice that had 
been subcutaneously injected with LINC01140- knock-
down LC cells; moreover, the levels of these cytokines 

were further increased after treatment with miR-377-3 p 
or miR-155-5 p mimics (figure 6K). However, it is not clear 
whether IFN-γ was from tumor cells or CIK cells. There-
fore, the validation experiments in vitro were performed. 
Control cultures were set up with unstimulated PHA and 
no measurable levels of IFN-γ were detected in the culture 
supernatant of CIK cells. After treatment with stimulating 
factor PHA, high levels of IFN-γ were detected in the CIK 
cell culture supernatant, indicating that our results were 
credible. To determine the source of IFN-γ, we exam-
ined supernatant from cultured tumor cells and found 
that these samples contained low levels of IFN-γ but were 
not significantly different as compared with the blank 
controls (online supplemental figure S18). We therefore 
concluded that IFN-γ was mainly derived from CIK cells 
after coculture of CIK cells and tumor cells.

We also measured the proportion of CD3+/CD56 + 
double- positive cells in the peripheral blood of mice 
by flow cytometry. The proportion of CD3+/CD56 + 
double- positive cells was higher in the peripheral blood 
of mice injected with LINC01140- knockdown LC cells 
than in that of mice inoculated with control cells and this 
proportion was further increased following miR-155-5 p 
mimic treatment (figure 6L). These findings suggested 
that CIK cells can penetrate xenografted tissues after 
tumor cell injection. LINC01140 knockdown suppressed 
PD- L1 expression, which allowed CIK cells to survive in 
the tumor tissue for an extended period, resulting in a 
sustained antitumor effect and the retention of a greater 
percentage of CIK cells in the peripheral blood of the 
mice. Overall, these results indicated that the upregu-
lation of LINC01140 expression in LC promotes tumor 
immune escape through the regulation of the miRNAs/
PD- L1 axis (figure 7).

Figure 7 Graphical representation of long intergenic non- protein coding RNA 1140 (LINC01140)- regulated lung cancer (LC) 
progression and immune escape. Upregulated LINC01140 in LC decreases the expression levels of miR- 33a- 5p, miR33b- 5p, 
miR-377-3 p, and miR-155-5 p, resulting in an increase in PD- L1 and c- Myc expression, which finally promotes LC progression 
and immune escape. PD- L1, programmed death- ligand 1.
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DISCUSSION
In this study, we observed that the expression of 
LINC01140 was significantly upregulated in LC tissue 
and LINC01140 might be a tumor promoter related to 
LC. Since LC has multiple histological subtypes and many 
unique clinical and molecular characteristics,26 27 further 
exploration of the biological functions of LINC01140, 
including the molecular features, as well as its relation 
with drug sensitivity and tumor progression, could assist in 
guiding the clinical treatment and LC diagnosis. However, 
recent study has reported that LINC01140 appears to be a 
tumor suppressor.28 Specifically, LINC01140 is downregu-
lated in breast cancer tissues, and on its overexpression, 
it ultimately affects the epithelial- mesenchymal transi-
tion (EMT) process of cells by adsorbing miR- 200b and 
miR- 200c, resulting in an antitumor effect.28 In addition, 
another study has found that LINC01140 may inhibit 
the malignant phenotype of glioma cells by modulating 
the miR- 199a- 3p/ZHX1 signaling pathway.29 Combining 
these studies, it is highly suggestive of the tissue speci-
ficity of LINC01140, having different effects in different 
tumors, which provides more possibilities for the research 
of LINC01140.

LincRNAs have been identified as critical regulators 
in various cellular processes, including cancer initia-
tion and progression.30 31 Although it has been found 
that LINC01140 is overexpressed in gastric cancer17 
and regulates the inflammatory response during pulmo-
nary fibrosis,18 the role of LINC01140 in other disease, 
including LC, is still not completely understood. Recently, 
an outstanding work by Allou et al revealed that muta-
tions involving lncRNA loci can result in human Mende-
lian disease.32 Therefore, we investigated variants for 
LINC01140 gene from GeneCards and LincSNP 3.0 data-
bases to enhance our understanding of LINC01140 func-
tion and its potential role in cancer. Data showed that 
45 single- nucleotide polymorphism (SNP) loci occurred 
in LINC01140 sequence. And these SNPs in LINC01140 
have relationships with various diseases, except for cancer 
(online supplemental table S6). Certainly, this possibility 
warrants further exploration.

Since the previous function of LINC01140 was mainly 
through adsorption of miRNAs,28 29 we analyzed the 
miRNAs that might bind to LINC01140 and screened 
out 13 miRNAs to which LINC01140 directly binds. With 
phenotypic rescue experiments, a series of miRNAs that 
might act as tumor suppressors in LC were discovered, 
among which miR- 33a- 5p33–35 and miR- 33b- 5p36 37 were 
known as multifunctional miRNAs that were dysregulated 
in a variety of cancers. Previous studies related to LC 
suggested that the levels of miR- 33a- 5p34 and miR- 33b- 5p37 
in plasma and cancer tissue samples were significantly 
decreased, besides that correlated with the clinicopath-
ological characteristics of the patients significantly. Our 
study demonstrated that LINC01140 could act as miRNAs 
‘sponge’ to downregulate these miRNAs’ intracellular 
levels by directly adsorbing the miRNAs mentioned 
above, thus influencing cell proliferation, migration, and 

invasion. It is a potential mechanism for the downregula-
tion of miR- 33a- 5p and miR- 33b- 5p expression in LC.

As LINC01140/miRNAs axis would affect the down-
stream target genes, we explored the downstream target 
genes and eventually identified c- Myc as the common 
target of miR- 33a- 5p and miR- 33b- 5p. It mediated the 
effect of LINC01140/miRNAs axis on LC cell prolifera-
tion, migration, and invasion. Notably, it has been proven 
that c- Myc, a well- known cancer- promoting factor, is 
significantly upregulated in various cancers, including 
LC, and is also significantly associated with poor prog-
nosis of patients.38 39 In our study, c- Myc was confirmed 
to be one of the common target genes of miR- 33a- 5p and 
miR- 33b- 5p, indicating that LINC01140 could promote 
LC progression by acting on the miRNAs/c- Myc axis.

PD- L1 is a transmembrane protein that is usually upreg-
ulated significantly in cancer cells while serving a primary 
role in suppressing the immune system by binding to PD-1 
on the surface of immune cell membranes.23 40 There 
is mounting evidence that upregulated PD- L1 levels 
are correlated with LC progression and worse prog-
nosis.24 41 Moreover, several preclinical or clinical studies 
have demonstrated that patients with LC can benefit 
from anti- PD- L1 antibody therapy.42 43 Considering that 
tumor cells elevate PD- L1 expression through multiple 
pathways to evade attack by immune system, we detected 
a significant reduction in PD- L1 expression levels in cells 
with LINC01140 non- expressed; meanwhile, the respon-
siveness of tumor cells to CIK cells appeared to be influ-
enced by LINC01140 knockdown as well. Therefore, we 
conclude that LINC01140 is capable of regulating PD- L1 
expression. After performing rescue experiments with 
each of the 13 miRNAs previously screened, two miRNAs 
that possibly affected PD- L1 expression were determined, 
namely miR-377-3 p and miR-155-5 p. Earlier studies have 
shown that miR-377-3 p44 45 and miR-155-5 p46 47 can act as 
suppressor factors in a wide range of tumors; however, they 
have not been shown to regulate PD- L1 expression. Our 
results provide new insights into the tumor suppressor 
effects of miR-377-3 p and miR-155-5 p. Furthermore, 
this study indicates that LINC01140/miRNAs/PD- L1 
axis- mediated signals suppress the expression levels of 
cytokines (such as IFN-γ) when cocultured with PBMC- 
derived CIK, implying that high expression of LINC01140 
may contribute to the escape of tumor cells from immune 
system attack. These results support the hypothesis that 
LINC01140- targeted therapy can not only affect the 
proliferation, migration, and invasion ability of tumor 
cells by modulating miRNAs but also prevent from tumor 
immune escape. Interestingly, previous work in various 
types of human cancer cells suggested that MYC directly 
binds to the promoter of PD- L1 gene, and MYC inactiva-
tion contributed to a rapid downregulation of PD- L1 at 
the level of transcription or translation.48 Therefore, MYC 
appears to not only promote tumor growth but also drive 
immune evasion in LC.

Recently, a work in early- stage lung adenocarcinoma 
revealed that LINC01140 along with other four lncRNAs 
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(LINC00857, LINC01116, DRAIC, XIST) can establish 
novel immune- related lncRNAs signatures for predicting 
patients' prognosis.49 Data from this report strongly 
support our conclusion that LINC01140 is implicated in 
tumor immunity. LINC01140 may serve as biomarker for 
the prognosis of patients with early- stage LUAD and an 
attractive target for the immunotherapy of LC.

CONCLUSION
In summary, LINC01140 can be an essential LC- related 
oncogene that functions to promote LC cell proliferation, 
migration, invasion, and inhibit apoptosis by restraining 
antitumor miRNAs. Meanwhile, LINC01140 can also 
suppress the immune system by upregulating PD- L1 
levels in LC cells. These findings provide new perspec-
tives for understanding LC progression, suggesting that 
LINC01140 may become a prospective novel therapeutic 
target for LC.
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Supplementary methods and materials 1 

CIK cell-mediated cytotoxicity analysis. For cytotoxicity analysis, LC cells were 2 

used as target cells and seeded into culture plates, while CIK cells were used as 3 

effector cells. For co-culture experiments, effector/target cell ratios were set at 10:1, 4 

20:1, or 40:1, with at least three replicates/group. Wells containing target cells but no 5 

effector cells were used as negative controls. After co-culturing for 24 h, the 6 

suspended cells were discarded with the supernatant. Next, CCK-8 reagent was added 7 

for another 2-hour incubation. Optical density (OD) at 450 nm was measured using a 8 

microplate reader (Bio-Rad Laboratories).  9 

 10 

RNA extraction, reverse transcription, and quantitative real-time polymerase 11 

chain reaction (qPCR). Total RNA was extracted from tissue samples and cells using 12 

Trizol reagent (Invitrogen, 15596026) following the manufacturer's instructions. 13 

cDNA was synthesized using EasyScript® First-Strand cDNA Synthesis SuperMix 14 

(Code#AE301-03, TransGen Biotech, Beijing, China). qPCR was performed in an 15 

ABI7500 Real-Time PCR system (Applied Biosystems, Foster City, CA, USA) using 16 

TransStart
®
 Top Green qPCR SuperMix (Code#AQ131-01, TransGen Biotech). Gene 17 

expression levels were normalized to that of beta-actin. 18 

To measure miRNA expression levels, total RNA from tissues or cells was 19 

extracted as described above. Next, 500 ng of total RNA was used for miRNA reverse 20 

transcription using TransScript
®
 miRNA First-Strand cDNA Synthesis SuperMix 21 

(Code#AT351-01, TransGen Biotech). The expression levels of the selected miRNAs 22 

were then quantified using the TransScript
®
 Green miRNA Two-Step qRT-PCR 23 

SuperMix (Code#AQ202-01, TransGen Biotech). The U6 small nuclear RNA level 24 

was used for the normalization of miRNA expression. 25 
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To determine nuclear or cytoplasmic RNA levels, cytoplasmic or nuclear RNA 26 

was prepared using the PARIS™ Kit (AM1921, Invitrogen, USA) following the 27 

manufacturer's protocol. qPCR was then performed as described above. All primer 28 

sequences are listed in Table S1.  29 

 30 

RNA fluorescence in situ hybridization (FISH). Fresh-frozen tissue sections or cells 31 

that had been seeded on glass slides for at least 24 h before the experiment were 32 

rinsed twice with PBS (Gibco) and fixed in 4% formaldehyde for 15 min at room 33 

temperature. The cells were then placed on ice, permeabilized with PBS containing 34 

0.4% Triton X-100 and 10 μM vanadium ribonucleoside complex (New England 35 

Biolabs, USA) for 10 min, and extensively washed with PBS. After rinsing once in 2× 36 

saline-sodium citrate (SSC), the sections or cells were hybridized with FAM-labeled 37 

(green, carboxyfluorescein) LINC01140 or PD-L1 mRNA probes for 12 h at 37°C. 38 

The candidate miRNAs were hybridized to Cy5-labeled miRNA-specific probes (red, 39 

indole dicarboxylic cyanide) for 12 h at 37°C. After rinsing twice with 2× SSC, nuclei 40 

were counterstained with DAPI in UltraCruz
®
 Aqueous Mounting Medium (sc-24941, 41 

Santa Cruz Biotechnology, Santa Cruz, CA, USA). Images were captured under a 42 

fluorescence microscope (Olympus, Japan). 43 

 44 

RNA antisense purification (RAP). For extraction from cell lysates, cells transfected 45 

with the corresponding shRNAs were collected and lysed following the reagent 46 

manufacturer’s instructions (Invitrogen). The cell extracts were then incubated with a 47 

5′-biotin-labeled LINC01140 probe or a PD-L1 mRNA probe at 4°C for 2 h. A 48 

5′-biotin-labeled nonsense oligonucleotide was used as control. The biotinylated 49 

RNAs were captured with streptavidin magnetic beads. The precipitate was subjected 50 
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to RNA extraction and qPCR analysis as described above. Relative miRNA and 51 

mRNA expression levels were then determined by qPCR. 52 

 53 

Flow cytometric assays of apoptosis and cell cycle distribution. To determine rates 54 

of apoptosis, cells were stained with FITC-conjugated Annexin-V (AV-FITC) and 55 

propidium iodide (PI) following the manufacturer's instructions (#556547, BD 56 

Biosciences, USA) and analyzed in a Beckman CytoFLEX flow cytometer (Beckman 57 

Coulter, USA). Cell-cycle distribution was detected by PI staining. For CIK cells, 58 

only AV-FITC was used to detect cell apoptosis. Data were analyzed using FlowJo 59 

software 10 (FLOWJO LLC, Ashland, OR, USA). 60 

 61 

Flow cytometric analysis of protein content and cell populations. To detect the 62 

cell-surface expression of PD-L1 in LC cell lines, cells were collected and washed 63 

three times with PBS, fixed in 4% paraformaldehyde for 30 min, and incubated with 64 

an anti-PD-L1-FITC antibody overnight at 4°C on an orbital shaker. After 65 

centrifugation, the cells were rinsed three times with PBS and resuspended in 500 μL 66 

of flow cytometry buffer. The corresponding fluorescence values were detected by 67 

flow cytometry within 2 h. 68 

Flow cytometric analysis of peripheral blood CD3+ and CD56+ cells was 69 

performed with labeled antibodies. Blood samples were obtained from anesthetized 70 

mice by retro-orbital bleeding. Peripheral blood mononuclear cells (PBMCs) were 71 

isolated using Ficoll–Hypaque gradient centrifugation. After counting the cells, cell 72 

concentrations were adjusted to 1×10
6
 cells/mL, and fixed in 4% paraformaldehyde 73 

for 30 min at room temperature. The cells were immediately incubated with an 74 

anti-CD3-FITC or anti-CD56-PE-Cy5 antibody (Cell Signaling Technology) 75 
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overnight at 4 °C. After centrifugation and discarding of the supernatant, the cells 76 

were rinsed three times with PBS and resuspended in 500 μL of flow cytometry buffer. 77 

The percentage of CD3+/CD56+ double-positive cells in each group was measured by 78 

flow cytometry within 2 h. The data were analyzed using FlowJo software. 79 

 80 

Cell Counting Kit-8 (CCK-8) assay. To detect cell viability, cells were incubated in 81 

96-well plates at a density of 5×10
3
 cells/well and incubated for 12 h (n=6 82 

independent wells/group), followed by transient transfection with the corresponding 83 

shRNAs. Forty-eight hours later, 10 μL of CCK-8 solution (Beyotime Biotechnology, 84 

China) was added to each well followed by incubation for another 2 h at 37°C. The 85 

absorbance at 455 nm was measured using a microplate reader (Bio-Rad 86 

Laboratories).  87 

 88 

In vitro scratch assay. In vitro migration activity of lung cancer cells with 89 

LINC01140 knockdown was evaluated via scratch assay and transwell migration 90 

assay (as indicated below). Lung cancer cells were seeded in each well of a 6-well 91 

tissue culture dish. Confluent cell monolayers (100% confluence) were treated with 92 

10 μg/mL mitomycin-C for 2 h in serum-free DMEM to suppress lung cancer cell 93 

proliferation, followed by washing with PBS. Subsequently, the cell layer was 94 

scratched with a sterile 200-μl pipette tip and immediately photographed under an 95 

optical microscope (Nikon). Next, the plates were incubated at 37°C in 5% CO2 for 96 

72 h. The cell images were captured and wound closure rate was quantified by ImageJ 97 

software. Each experiment was performed in triplicate. 98 

 99 

Transwell migration and invasion assays. Cells were serum-starved overnight, 100 
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treated with mitomycin C at a concentration of 0.5 μg/mL for 1 h, and then seeded 101 

onto polycarbonate membranes in the upper chamber of transwell dishes at a density 102 

of 1×10
5
 cells/well (8-μm pore size; BD Bioscience). For the transwell invasion assay, 103 

the membranes were precoated with 100 μL of 1 mg/mL Matrigel at 37 °C for 30 min 104 

before cell seeding. The lower chamber contained 500 μL of complete medium with 105 

10% FBS. After 12 h of incubation at 37°C, nonmigrated or noninvasive cells on the 106 

upper surface of the membrane were removed using cotton swabs. Cells on the lower 107 

surface were fixed in 4% paraformaldehyde for 15 min at room temperature and 108 

subsequently stained with 0.1% crystal violet (Beyotime Biotechnology) for 30 min. 109 

The stained cells were observed under a Nikon Eclipse TE2000-U Inverted 110 

Fluorescence Microscope. Cell numbers were counted in six randomly selected fields 111 

of view per group. 112 

 113 

Colony formation assay. Cells in the logarithmic growth phase were digested, 114 

resuspended, seeded into 24-well plates (200 cells/well), and cultured for 14 days. 115 

The culture medium was changed every second day. The cells were then fixed in 4% 116 

paraformaldehyde for 15 min, stained with 0.1% crystal violet for 30 min, and 117 

observed under an inverted microscope (Nikon) as described above. 118 

 119 

EdU assay. EdU assay was performed using Click-iT™ EdU Alexa Fluor™ 488 HCS 120 

Assay according to manufacturer’s guidance (Thermo Fisher Scientific, Catalog 121 

number: C10351). Briefly, Lung cancer cells were incubated with serum-free DMEM 122 

supplemented with 10 μM 5-ethynyl-2’-deoxyuridine for 2 h at 37°C, followed by 123 

washing with PBS. Next, the cells were fixed with 4% paraformaldehyde for 15 min 124 

and permeabilized with 0.1% triton X-100 for 10 min. After extensive washing with 125 
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PBS, the cells were incubated with Click-iT
®

 reaction cocktail containing Alexa 126 

Fluor™ 488 for 30 minutes at room temperature protected from light. Then, removed 127 

the reaction cocktail. The cells were washed with Click-iT®reaction rinse buffer. 128 

Nuclear was stained by HCS NuclearMask™ Blue working solution. Representative 129 

images of the cells were captured with a fluorescent microscope (Olympus, Japan). 130 

 131 

Western blot analysis. Proteins were extracted from cells and cancer tissues using 132 

RIPA lysis buffer containing protease inhibitors (KGP702-100; Jiangsu KeyGEN 133 

BioTECH, China). Protein concentrations were determined using a bicinchoninic acid 134 

(BCA) kit (KGPBCA; KeyGEN) following the manufacturer’s protocol. Cell lysates 135 

were mixed with 5× SDS loading buffer (KGP101X; KeyGEN) and denatured at 136 

100 °C for 5 min. Equal amounts of protein samples (30 μg) were loaded onto 8–15% 137 

polyacrylamide gels based on molecular weight. After separation by electrophoresis, 138 

the proteins were transferred to an Immobilon™-P membrane, pore size 0.45 µm 139 

(Millipore). The membranes were then blocked with 5% w/v skimmed milk for 2 h at 140 

room temperature and incubated with the corresponding primary antibodies overnight 141 

at 4 °C. After extensively washing with Tris-buffered saline with 0.1% Tween 20 142 

(TBST), the membranes were incubated with horseradish peroxidase-conjugated 143 

secondary antibodies for 1 h at room temperature, and again washed with TBST. Blots 144 

were visualized using an Enhanced Chemiluminescence (ECL) kit (Beyotime 145 

Biotechnology). Beta-actin (1:5,000 dilution; Proteintech, USA) was used as a 146 

loading control. All antibodies used in this study are listed in Table S2. 147 

 148 

Lactate dehydrogenase (LDH) release assay. The CIK cell-mediated killing of cells 149 

from the LC lines was quantified using lactate dehydrogenase (LDH) release as a 150 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



 7 / 7 

 

readout for target cell lysis (LDH Cytotoxicity Detection Kit, Code No. MK401, 151 

Takara Biomedical Technology [Beijing], China). CIK and LC cells were co-cultured 152 

for 5 h as described above. Wells containing an equal number of effector or target 153 

cells served as substance control, culture medium without cells served as a 154 

background control, and cell lysate served as a positive control (maximum LDH 155 

release activity). Subsequently, the supernatant was collected and the reaction mixture 156 

was added according to the manufacturer’s instructions, followed by incubation in the 157 

dark for 30 min at room temperature. The absorbance of the samples at 492 nm was 158 

recorded using a plate reader (Bio-Rad Laboratories). Standard curves were generated 159 

using different concentrations of authentic standard. 160 

 161 

Enzyme-linked immunosorbent assay (ELISA). Mouse blood was collected as 162 

described above. After centrifugation, serum cytokine levels were detected following 163 

the manufacturer’s instructions. The OD of each well was recorded at 450 nm using a 164 

microplate reader (Bio-Rad Laboratories). A standard curve was drawn to quantify 165 

IL-2, tumor necrosis factor-alpha (TNF-α), and IFN-γ concentrations in mouse serum. 166 

Mouse ELISA kits for IL-2 (CSB-E04627m), TNF-α (CSB-E04741m), and IFN-γ 167 

(CSB-E04578m) were purchased from Cusabio Technology LLC. 168 
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Table 2. Primary antibodies used in this study and their optimal working dilutions. 

Antibodies Manufacturer Catalog No. Working dilutions 

β-actin (WB) Cell Signaling Technology 4970 1:6000 

CD3 (FW) Cell Signaling Technology 86774 1:50 

PD-L1 (WB) Cell Signaling Technology 15165 1:1000 

PD-L1 (IHC) Cell Signaling Technology 15165 1:150 

PD-L1 (Flow) Cell Signaling Technology 14772 1:50 

Cleaved Caspase 

3 (WB) 
Cell Signaling Technology 9661 1:1500 

Cleaved Caspase 

3 (IHC) 
Cell Signaling Technology 9661 1: 500 

CD56 (FW) Cell Signaling Technology 73521 1:50 

pHH3 (FW) Cell Signaling Technology 9701 1:80 

pHH3 (IHC) Cell Signaling Technology 9701 1:300 

c-Myc (WB) Cell Signaling Technology 18583 1:3800 

Ki-67 (IHC) Abcam ab15580 1:400 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2021-002746:e002746. 9 2021;J Immunother Cancer, et al. Xia R


	LINC01140 promotes the progression and tumor immune escape in lung cancer by sponging multiple microRNAs
	Abstract
	Background
	Methods
	Human LC tissues
	Cell culture
	Cytokine-induced killer (CIK) cell preparation
	Xenograft mouse models
	Statistical analysis

	Results
	LINC01140 is significantly upregulated in LC tissues and cells
	LINC01140 promotes the malignant phenotypes of LC cells by acting as miRNAs sponge
	LINC01140/miRNAs axis regulates c-Myc expression
	miR-377-3 p and miR-155-5 p, the downstream of LINC01140, directly bind to the 3′-UTR of PD-L1 mRNA, leading to a decrease in PD-L1 expression
	LINC01140 directly binds to miR-377-3p and miR-155-5p and negatively modulates their expression levels
	LINC01140/miRNAs/PD-L1 axis facilitates immune escape in LC

	Discussion
	Conclusion
	References


