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Abstract
The incidence of lung cancer (LC) in chronic obstructive pulmonary disease (COPD) patients is dozens of times 
higher than that in patients without COPD. Elevated activity of nuclear factor-k-gene binding (NF-κB) was found 
in lung tissue of patients with COPD, and the continuous activation of NF-κB is observed in both malignant 
transformation and tumor progression of LC, suggesting that NF-κB and its regulators may play a key role in the 
progression of LC in COPD patients. Here, we report for the first time that a key long non-coding RNA (lncRNA)-ICL 
involved in the regulation of NF-κB activity in LC tissues of COPD patients. The analyses showed that the expression 
of ICL significantly decreased in LC tissues of LC patients with COPD than that in LC tissues of LC patients without 
COPD. Functional experiments in vitro showed that exogenous ICL only significantly inhibited the proliferation, 
invasion and migration in primary tumor cells of LC patients with COPD compared to LC patients without COPD. 
Mechanism studies have shown that ICL could suppress the activation of NF-κB by blocking the hsa-miR19-3p/
NKRF/NF-κB pathway as a microRNA sponge. Furthermore, In vivo experiments showed that exogenous ICL 
effectively inhibited the growth of patient-derived subcutaneous tumor xenografts (PDX) of LC patients with COPD 
and significantly prolonged the survival time of tumor-bearing mice. In a word, our study shows that the decrease 
of ICL is associated with an increased risk of LC in patients with COPD, ICL is not only expected to be a new 
therapeutic target for LC in COPD patients, but also has great potential to be used as a new marker for evaluating 
the occurrence, severity stratification and prognosis of LC in patients with COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is the 
third leading cause of death in humans (about 11.7%) and 
is on the rise worldwide. Lung cancer (LC) is the most 
common tumor, ranking first in the cancer incidence and 
mortality in the world [1, 2]. Several clinical epidemiolog-
ical studies have confirmed that the coexistence of COPD 
and LC is common, and these two diseases share many of 
the same risk factors. Once the lung cells of patients with 
COPD become cancerous, the tumors often obtain more 
rapid progress compared to that of LC patients without 
COPD [3]. LC patients with COPD often have a worse 
prognosis than LC patients without COPD [4]. Therefore, 
COPD is considered to be an independent risk factor for 
LC. One study observed the incidence rate and related 
risk factors of LC with the median follow-up period of 
60 months in 2,507 COPD patients have shown that the 
incidence of LC was 16.7/1,000 patient-years, indicating 
that LC was more likely to occur in COPD patients than 
in others [5]. Another study of meta-analysis included 35 
studies of 22,010 patients with COPD and 44,438 con-
trols from 1980 to 2010, have shown that COPD was a 
high-risk factor for LC (OR = 2.76, 95% CI, 1.85–4.11) [6]. 
Together, these studies indicate that the thorough study 
of the pathogenesis of LC in a special group of patients 
with COPD and development of new targets is still an 
urgent requirement to reduce the high incidence of LC in 
patients with COPD, and is also the important means to 
improve the clinical treatment effect and prognosis of LC 
in COPD patients.

Recent studies have shown that the long non-cod-
ing RNA (lncRNA) can participate in the regulation of 
COPD in a variety of ways. LncRNA-SAL-RNA1/2 can 
regulate the senescence of type II alveolar epithelial cells 
in patients with COPD through SIRT1/FOXO3a and 
SIRT1/P53 signaling pathways [7]. LncRNA-TUG1 was 
confirmed to be involved in the regulation of abnormal 
activation of pulmonary epithelial cells in patients with 
COPD [8]. Transcriptome sequencing analysis showed 
that there were 67 lncRNAs (33 up and 34 down) in 
peripheral blood mononuclear cells from patients with 
COPD [9]. In the meantime, accumulating evidence has 
revealed that lncRNAs participate in tumorigenesis and 
progression of LC and may represent compelling thera-
peutic targets in the treatment of LC. Knockdown of 
lncRNA-H19 decreased the colony formation ability and 
anchorage independent growth of LC cells [10]. Li et al. 
reported that lncRNA-CASC15 exhibits an oncogenic 
role in promoting non-small-cell lung cancer (NSCLC) 
tumorigenesis via regulating Epithelial-mesenchymal 
transition (EMT) [11]. MALAT1 is a lncRNA with more 
than 8000 base conserved among different species, it is 
expressed in a wide variety of tissues in the adult such as 
lung, pancreas and liver. Functional studies showed that 

down-regulation of MALAT-1 could inhibit the viability, 
proliferation, invasion, and cell cycle and promote apop-
tosis in A549 cells by inhibiting autophagy [12–14]. These 
studies make us more eager to know whether there is a 
certain lncRNA that mediates the relationship between 
LC and COPD. In addition, lncRNA is also involved in 
the regulation of maturation, differentiation and activa-
tion in innate immune cells.

Here, we report for the first time that lncRNA-ICL 
(Inhibitor associated with COPD and lung cancer), 
located on human chromosome 17 and significantly 
decreased in tumor tissues of LC patients with COPD 
compared to LC patients without COPD, may contribute 
to progression of LC in COPD patients. ICL is located 
on human chromosome 17, its function has not been 
reported in the past. Up to now, there is no report on the 
biological function of ICL. ICL is the important factor 
that we first obtained through high-throughput screening 
and confirmed to be beneficial to maintain the relation-
ship between COPD and LC. In this study, we will focus 
on action pathway of ICL in promoting LC through in 
vitro and in vivo experiments, expecting to provide a the-
oretical support for it was used as a new therapy target 
and a new marker for prevention and treatment of LC in 
COPD patients.

Materials and methods
Ethical declarations
Informed consents were obtained from all the patients 
before surgery and the study was approved by the Ethics 
Committee of the Shanghai East Hospital’s Ethics Com-
mittee (NO.2020 − 182). Animal care and all experimental 
protocols involving mice were approved by Tongji Uni-
versity animal care and use committee (NO.2018-069) 
and carried out in accordance with the National Insti-
tutes of Health Guide for the Care and Use of Laboratory 
Animals.

Tumour tissues
Twenty-four LC tissues were collected from LC patients 
with or without COPD who had not undergone any pre-
vious surgery or chemotherapy (12 cases in each group, 
n = 12) in the Department of Respiratory and Critical 
Care Medicine in Shanghai East Hospital from June 12, 
2021 to November 11, 2021. The fresh tissues were col-
lected and quickly divided into three parts within 2  h 
of surgery, one part is used to prepare primary LC cells 
and establishment of Patient-Derived Tumor Xeno-
graft (PDX) model, the second is preserved with liquid 
nitrogen and the and third part is fixed with 4% para-
formaldehyde. Clinicopathological characteristics of the 
patients and tumor classification according to the 2003 
American Joint Committee on Cancer TNM classifica-
tion is provided in Table 1. Subsequently, about 50 mg of 
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frozen tissues were used to extract total RNA which were 
used for the measurement of ICL, hsa-miR19-3p, NF-κB 
p65 and NKRF mRNA levels using real-time quantita-
tive PCR (RT-qPCR). Total protein extracted from about 
100  mg tissues were used for detecting the proteins 
expression of NF-κB p65 and NKRF by using western 
blotting. The fixed tumor tissues were embedded in par-
affin and used for detection of ICL and hsa-miR19-3p 
using fluorescence in situ hybridization (FISH) with the 
following probes, 5’-ACACGTTTAGATACGTT-3’ (5’/3’ 
Cy3 modification) for ICL and 5’-TCAGTTTTGCATA-
GATTTGCACA-3’ (5’/3’ DIG modification) for hsa-miR-
19-3p according to a standard protocol [15].

Cell culture
Primary LC cells were prepared from LC tissues accord-
ing to erreño’s protocol and were named LCs (from LC 
patients without COPD) or C-LCs (from LC patients 
with COPD) respectively [16]. Briefly speaking, the fresh 
LC tissues were quickly cut it into 3 × 3  mm pieces by 
using sterile surgical scissors. Tissue samples were rinsed 
twice with 1 mL sterile phosphate-buffered saline. Then, 
the tissue was immersed in RPMI1640 culture medium 
(Thermo Fisher Scientific, CA, USA) supplemented 
with 5% fetal bovine serum (FBS, Thermo Fisher Scien-
tific) and 1% streptomycin/penicillin (Thermo Fisher 
Scientific). Under a stereoscope, samples were mechani-
cally fractionated by cutting with scissors or scalpel, 
and fragments were cultured into 35-mm dish. The cells 
were resuspended in 300 µL RPMI1640 culture medium 
supplemented with 10% FBS. Once aconfluent mono-
layer was obtained, cells were harvested with 0.25% tryp-
sin (EDTA+) and seeded into 60-, and 100-mm culture 
dishes for serial passages. 293T cells used as tool cells for 
luciferase analysis and lentivirus production were pur-
chased from American Type Culture Collection (ATCC, 
VA, USA) and maintained in Dulbecco’s modified Eagle’s 
medium (DMEM, Thermo Fisher Scientific) containing 
10% FBS. All the adherent cells were cultured in an atmo-
sphere with saturated humidity at 37  °C containing 5% 
CO2. At 80% confluence, the cells were subcultured at a 
ratio of 1:3 with 0.25% trypsin.

Preparation of recombinant lentivirus
An siRNA (5’-GAACCTTTCTAATCCAGAA-3’) 
targeting to the coding sequence (CDS) of human 
NKRF(NM_001173487.1) was selected for construction 
of pshRNA-NKRF which carry an H1 promoter used to 
drive siRNA expression, and the scrambled sequence 
of siRNA (5’- CTCAGAATACTGACACTTA-3’) was 
used as negative control (NC) to construct pshRNA-
NC. The ICL amplified using human complemen-
tary DNA (cDNA) as a template with the PCR primers 
5’-TTGGGAGCTGGCTGCTGCGCCCAG-3’(forward) 
and 5’- CGCGGCAGCTGTTGCCCCGGGATTATT-3’ 
(reverse), was used for the construction of expression 
vector pcDNA-ICL which carry an CMV promoter 
used to drive ICL expression. All the expression vectors 
have Green Fluorescent Protein (GFP) gene used as the 
marker for evaluation of transfection efficiency.

A total of 1 × 106 logarithmic 293T cells purchased 
from American Type Culture Collection (ATCC, VA, 
USA) were inoculated plated into 10-cm dishes in 10 mL 
DMEM medium supplemented with 10% FBS and cul-
tured overnight under normal conditions. Recombinant 
vectors the lentivirus packaging plasmids were co-trans-
fected into 293T by using Lipofectamine 2000 (Thermo 
Fisher Scientific). The culture medium was completely 

Table 1 Informations of patients
No. Gender Age Pathological Lung can-

cer TNM 
stage

1 M 54 Squamous carcinoma T2N1M0, II

2 M 60 Squamous carcinoma T3N2M0, III

3 F 64 Adenocarcinoma T3N2M1, IV

4 M 58 Adenocarcinoma T3N2M1, IV

5 F 52 Adenocarcinoma T2N2M0, III

6 F 68 Squamous carcinoma T4N2M1, IV

7 M 70 Squamous carcinoma T1N1M0, II

8 M 72 Squamous carcinoma T3N2M1, IV

9 F 70 Adenocarcinoma T3N3M0, III

10 F 69 Adenocarcinoma T2N1M0, II

11 F 53 Squamous carcinoma T2N3M0, III

12 M 73 Adenocarcinoma T1N1M0, II

13 M 70 Squamous carcinoma with 
COPD

T3N2M0, III

14 F 69 Squamous carcinoma with 
COPD

T3N2M1, IV

15 F 59 Adenocarcinoma with COPD T3N3M1, IV

16 M 63 Squamous carcinoma with 
COPD

T3N3M0, III

17 F 66 Squamous carcinoma with 
COPD

T1N1M0, II

18 F 72 Adenocarcinoma with COPD T4N2M1, IV

19 F 58 Adenocarcinoma with COPD T4N2M1, IV

20 M 60 Squamous carcinoma with 
COPD

T3N3M0, III

21 M 63 Squamous carcinoma with 
COPD

T3N2M0, III

22 M 65 Squamous carcinoma with 
COPD

T4N3M1, IV

23 M 72 Squamous carcinoma with 
COPD

T2N1M0, II

24 M 72 Adenocarcinoma with COPD T3N3M1, IV
The diagnosis of COPD was made by experienced physicians based on Global 
Initiative for Chronic Obstructive Lung Disease criterion. The international 
tumor-node-metastasis (TNM) staging system is the “international language” 
in cancer diagnosis and treatment. Patients with lung cancer were classified 
according to the eighth edition of the TNM classification
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replaced with DMEM containing 1% FBS prior to trans-
fection. After 48  h of transfection, the supernatant was 
harvested and cleared by centrifugation at 5,000 × g for 
10 min at 4 °C and then passed through a 0.45 μm poly-
vinylidene difluoride membrane (Millipore, MI, USA). 
Viral titers were determined using the gradient dilution 
method. The recombinant lentiviruses were named Lv-
ICL, Lv-shRNA-NKRF and Lv-NC, respectively.

Dual-luciferase reporter assay
Verification the binding sites of has-miR19-3p in NKRF − 3’ 
untranslated region (UTR)
We used online software “Targetscan7.1” (http://
www.targetscan.org/) to predict the binding site of 
hsa-miR19-3p in the 3’-UTR of human NKRF. Then 
the 3’-UTR of the NKRF (169  bp) containing the hsa-
miR19-3p target sites were amplificated by using human 
cDNA as the template with primers 5’ -TTCCCATG-
GCCATTTCTGTGGAGG-3’ (forward) and 5’-CCT-
GAGTGGGGTGGGAGCTT-3’ (reverse). The PCR 
product was cloned into pGL3-promoter vector (Pro-
mega Corporation, WI, USA) downstream of the 
firefly luciferase gene to generate pGL3-wt (wild-type)-
NKRF carrying a wild target site 5’- TTTGAAC-3’. 
Then the target site of hsa-miR19-3p in pGL3-wt-
NKRF was mutated to construct pGL3-mt-NKRF 
carrying a mutation target site 5’-TTGATAC-3’ by 
using a site-directed mutagenesis kit (Takara Bio Inc. 
Dalian, China). The hsa-miR19-3p mimics (5’-UGUG-
CAAAUCUAUGCAAAACUGAtt-3’), inhibitor 
(5’-UCAGUUUUGCAUAGAUUUGCACAtt-3’), and 
NC (5’-AGAUUGCCGCUAAUAAAAUCUGAtt-3’) were 
chemically synthesized by Shanghai GenePharma Co., 
Ltd (Shanghai, China). 293T cells inoculated in 24-well 
plate and cultured overnight were co-transfected with 
the hsa-miR19-3p mimics, inhibitor, NC, and pGL-wt-
NKRF or pGL3-mt-NKRF using Lipofectamine 2000. 
Forty-eight hours after transfection, cells were lysed 
and used for luciferase assays using the Dual Luciferase 
Reporter Assay System (Promega). Finally, we can specu-
late whether hsa-miR19-3p can bind to 3’UTR of NKRF 
by binding to the predicting sites according to the change 
of luciferase activity in cells, Meanwhile, the inhibitory 
effect of ICL on the binding of hsa-miR19-3p to NKRF 
3’UTR was evaluated by observing the effect of ICL over-
expression on luciferase activity in 293T cells co-trans-
fected with hsa-miR19-3p mimics and pGL3-wt-NKRF. 
In addition, we will also co-transfect hsa-miR19-3p mim-
ics, pGL3-wt-NKRF and pcDNA-ICL into 293T cells, and 
evaluate whether ICL affects the binding of hsa-miR19-
3p to 3’UTR of NKRF according to the effect of pcDNA-
ICL on the intracellular luciferase activity.

Validation of the transcription factor binding site (TFBS) of 
NF-κB in the promoter of hsa-miR19-3p
We firstly checked the location of the precursor of 
hsa-miR19-3p (pri-miR19) in the human genome and 
selected a 2.0  kb DNA sequence upstream of the tran-
scription start site as the promoter region according to 
conventional practice. Then we used software Promoter 
2.0 (DTU Health Tech, Lyngby, Denmark) to predicted 
promoter of hsa-miR19-3p which was amplified using 
human genomic DNA as the template with the primers 
5’-GGCTCGGCGGGAGCGGCGTCCCCG-3’(forward) 
and 5’-GG GGCAGGAACACCCGAGACTGCAA-3’ 
(reverse) .We then cloned the promoter upstream of 
GFP gene to construct a fluorescent expression vec-
tor pcDNA-pro(miR19-3p)-GFP which was transfected 
in to 293T cells. Forty-eight hours after transfection of 
pcDNA-pro(miR19-3p)-GFP, the expression of GFP was 
observated in cells using an inverted fluorescence micro-
scope (IX71, Olympus Corporation, Japan) and was used 
to evaluate whether the promoter guide downstream 
gene transcription. An expression vector pcDNA-pro (-/-
)-GFP with the predicted promoter removed was used as 
the negative control. After confirming the hsa-miR19-
3p promoter, the TFBS of NF-κB in the hsa-miR19-3p 
promoter was predicted using applied bioinformatics 
software “JASPAR” (http://jaspar.genereg.net). Then we 
cloned the promoter into the pGL3-Enhancer (Promega) 
upstream of the luciferase gene to construct pGL3-TFBS 
(wt)-miR19-3p which carrying the wild-type TFBS 
5’-CGGAGCCCCC-3’. Then, the TFBS in the pGL3-
TFBS (wt)-miR19-3p vector was mutated to construct 
pGL3-TFBS (mt)-miR19 which carrying a mutated TFBS 
5’-ACGGCCGCCC-3’. The luciferase pGL3-TFBS(wt)-
miR19 or pGL3-TFBS(mt)-miR19 were transfected into 
293T cells followed by induction with 5 ng/ml Tumor 
Necrosis Factor Alpha (TNF-α, Abcam, Cambridge,UK) 
for 48 h to activate intracellular NF-κB. Forty eight hours 
after transfection and induction, the cells will be used for 
luciferase activity detection which were used to confirm 
whether NF-κB can regulate the transcription of pri-
miR19 via the predicted TFBS.

Chromatin immunoprecipitation (ChIP)
To further confirm the binding of NF-κB to promoter 
of hsa-miR19-3p, the ChIP assay was carried out using 
the EZ ChIP Kit (Millipore, MI, USA) according to the 
manufacturer’s instructions. The C-LCs cells cultured 
in 10-cm dishes were crosslinked with 1% formaldehyde 
in PBS and plates were incubated on a rotator for 10 
min at 25°C. Subsequently, formaldehyde was removed 
and crosslinking quenched by incubation with 125 
mM glycine in PBS for 5 min at 25°C. Following solu-
tion removal, plates were chilled on ice and the cells 
lysed by adding 2 mL of cold lysis buffer with a protease 

http://www.targetscan.org/
http://www.targetscan.org/
http://jaspar.genereg.net
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inhibitor (Roche, USA). The chromatin was fragmented 
to 200–500 bp with a Misonix S3000 Sonicator (Farming-
dale, USA) at 4°C. After centrifugation at 10,000 × g for 
5 min at 4°C, chromatin supernatants were diluted with 
cold IP dilution buffer. The human NF-κB-p65 antibody 
(2 µg, Abcam) was added to chromatin and the mixture 
was incubated at 4°C overnight. Dynabeads were added 
to the chromatin/antibody mixture and incubated for 
additional 4 h at 4°C. Beads were washed with the wash 
buffer and samples were eluted with 250 µl elution buf-
fer. The eluted samples were treated with 0.2  M NaCl 
and 1  mg/mL Protease K at 65°C overnight. Chip sam-
ples were purified with phenol/chloroform and precipi-
tated with cold ethanol and glycogen. Then the reverse 
transcription-polymerase chain reaction (RT-PCR) was 
performed to amplify a 52 bp PCR product carrying the 
predicted TFBS of NF-κB on the TP650 system (Takata) 
using a Takara Ex Taq (RR001Q, Takara) according to the 
manufacturer’s instructions. Five microliters of input or 
eluents was used as the templates. PCR reaction param-
eters were as follows: 95°C for 10 s, 60°C for 20 s, 72°C for 
20 s, 45 cycles. The primer sequences used were as fol-
lows: 5’-GCCTCGGGCCGCGTGCGACG-3’(forward) 
and 5’-GGCCCAGAGGGGCGGGGGCTCCGCG-3’ 
(reverse). After PCR reaction, each PCR product was 
taken at 5 µL for 2% agarose gel electrophoresis.

Cell proliferation, invasion and migration assays
After 72  h of infection by Lv-NC or Lv-ICL, the C-LCs 
were used for cell viability, invasion and migration assay. 
The C-LCs of 2nd generation in logarithmic growth 
period were re-inoculated to 96-well plate or 6-well plate 
with 5.0 × 104/well or 2.0 × 105/well using RPMI1640 
medium containing 10% FBS, and then were cultured 
overnight at 37 ℃ and 5% CO2. After that, the lentivirus 
was added to the medium with the multiplicity of infec-
tion (MOI) of 10. Then the cells in 96-well plate were 
continued to be cultured under normal conditions for 
72  h and used for proliferative activity assay by CCK-8 
method, and cells in 6-well plate cultured under normal 
conditions for 48  h were used for invasion and migra-
tion analysis. The cell viability assay was assessed using 
a Cell Counting Kit-8 kit (CCK-8, CK04, Dojindo, Japan) 
according to the instructions. Briefly, 10  µl of CCK-8 
solution was added to each well of 96 well plate, and then 
the cells were cultured under normal conditions for an 
additional 2 h. Then the absorbance at 450 nm was mea-
sured. Cellular invasion was assessed using QCMTM 
24-well Fluorimetric Cell Invasion Assay kit (ECM554, 
Chemicon International, WI, USA) according to the 
manufacturer’s instructions. Briefly, after 72  h of infec-
tion. C-LCs were seeded at a density of 4.0 × 104 cells per 
well in 500 µL of serum-free RPMI1640 in 0.8 μm trans-
well chambers. Next, 750 µL of complete medium with 

10%FBS was added in to 24-well plates and incubated at 
37  °C with 5% CO2. The following day, the cells on the 
top surface of the insert were scraped off, and the cells 
on the bottom surface were fixed with ice-cold methanol 
followed by hoechst33342 (ab228551, Abcam) staining. 
The number of cells was counted using light microscopy, 
and the data are presented graphically. The migration 
was assessed using the wound scratch assay in LCs and 
C-LCs. Cells were seeded into six-well plates (1.0 × 105 /
well). When the cells grew to 90% confluence, the cell 
monolayer was scrape-wounded with a sterile 200 µL 
pipette tip and floating cells were washed away using 
dPBS. The remaining cells were incubated for 24  h. 
Scratched cells were visualized and images were captured 
under the inverse microscope at 0 and 24 h after scratch-
ing referring to previous published report [11].

Effect of exogenous ICL on the proteins involved in LC 
development
The C-LCs of 2nd generation in logarithmic growth 
period were seeded into 6-well plates in 1 mL of 
RPMI1640 medium with 10%FBS at a density of 1.0 × 105 
cells/well and cultured under normal conditions. One day 
later, lentiviruses (Lv-NC, Lv-ICL and Lv-shRNA-NKRF) 
were added to the medium at a MOI of 10 and cultured 
under normal conditions. The infection efficiency was 
assessed by observing the fluorescence of GFP 72 h after 
infection. Then the total RNA was isolated from the cells 
and subjected to RT-qPCR to analyze the levels of ICL 
and hsa-miR19-3p. The cells were also used to isolate 
proteins which were used for the measurement of phos-
phorylation of NF-κB-p65 and expressions of proteins 
NKRF, BCL-2, CyclinD1 and VEGF by western blotting.

Animal xenografts
Tumor tissues obtained from six LC patients with 
COPD were temporarily stored in RPMI1640 medium 
containing 10% FBS and 1% penicillin and strepto-
mycin pre-cooled at 4 ℃. The tumor tissues were cut 
into 2 × 2 × 2-mm pieces before they were subcutane-
ously engrafted into NSG mice (SHANGHAI MDDEL 
ORGANISMS, Shanghai, China) to establish PDX mode. 
The tissues were transplanted subcutaneously in the 
right flank of 6-week-old male mice. When xenografted 
tumors grew to approximately 5 × 5 × 5-mm3, we followed 
the aforementioned protocols to harvest the tumors from 
6 mice (n = 6) and transplanted them subcutaneously in 
the right flank of 6-week-old male mice to establish next-
generation PDX mode, one tumor was inoculated into 
5 mice. After about two weeks, the tumor in the second 
generation of tumor bearing mice grew to about 5  mm 
in diameter. Follow up experiments were carried out 
from 3 mice with uniform tumor size corresponding to 
each patient which were divided into three groups. The 
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number of samples from each group was 6, correspond-
ing to six patients respectively (n = 6). Model group (were 
given tail vein injection of equal volume PBS with inter-
vention groups), Lv-NC group (were given tail vein injec-
tion of Lv-NC of 107ifu/mouse), and Lv-ICL group (tail 
vein injection of Lv-ICL of 107ifu/mouse), the admin-
istration lasted for 6 weeks once a week. Growth of the 
established tumor xenografts was monitored at least 
twice weekly through measurement of the length (a) and 
width (b) of the tumor. The tumor volume was calcu-
lated as (a×b×b)/2. After 5 weeks of administration, the 
tumors were stripped and divided into two parts. One 
was immediately snap frozen and stored in liquid nitro-
gen until RNA and protein extraction which were used 
for detecting expression of ICL and miR19-3p, and phos-
phorylation of NF-κB-p65 by RT-qPCR and western blot-
ting. The second part was fixed with paraformaldehyde 
for immunofluorescence staining of CD34 and immuno-
histochemistry staining of Ki67. For immunofluorescence 
analysis, the fixed tumor tissues were processed and 
embedded in paraffin using standard methods. Then they 
cut into 4-µm thick slices, and deparaffinized. For anti-
gen retrieval, slices were immersed in EDTA-tris solu-
tion (pH = 9.0) for 30 min at 96 °C. Tissue sections were 
then blocked with 10% normal goat serum in 0.01  M 
phosphate-buffered saline at room temperature for 1  h 
and incubated with anti-CD34 (ab81289,1:200, Abcam) 
overnight at 4 °C, followed by incubation with Goat Anti-
Rabbit IgG (Alexa Fluor488) (ab150077,1:3000, Abcam) 
for 2 h at 37  °C. After counterstaining with 4,6-diamid-
ino-2-phenylindole (DAPI) for 8 min at 37 °C, the immu-
nostaining was visualized by fluorescence microscopy at 
200× magnification. For immunohistochemistry stain-
ing for Ki67, 4 μm thick sections of the tissues were cut, 
deparaffinized in xylene and rehydrated with graded alco-
hol. The sections were washed with phosphate buffered 
saline (PBS) and then boiled in citrate buffer (pH = 6.0) 
for 15  min. The sections were incubated with 3% H2O2 
for 5  min to block the endogenous peroxidase activity 
and then incubated in goat serum to decrease nonspe-
cific staining. The sections were incubated with anti-Ki67 
antibody (ab92742,1:300, Abcam) overnight at 4 °C, incu-
bated with secondary antibody Goat Anti-Rabbit IgG 
(HRP) (ab6721, 1:2000, Abcam) at 37 °C for 20 min and 
then treated with DAB (ab64238, Abcam) for 10 min. The 
sections were counterstained with hematoxylin-eosin 
for 3  min and then dehydrated in ethanol. To analyze 
the Ki67 positive rate, the labeling index was performed. 
Three random images from every cell slide were photo-
graphed in triplicate. The labeling index was calculated 
by dividing the number of Ki67 positive cell nuclei by the 
total number of cells and multiplying by 100.

Survival analysis of subcutaneous tumor-bearing mice
Thirty-six subcutaneous tumor-bearing mice (6 mice 
corresponds to one case) were generated according to 
the inoculation method mentioned above, the animals 
were randomly divided into 3 groups (12 mice/group), 
and the survival rate of the animals was monitored for 
12 weeks. The gene intervention method was identical 
to the method used for the tumor formation experiment 
and continued until the 12th week. Once the subcutane-
ous tumor reached 20 mm in length, it was recorded as a 
death event, and the data were used to analyze the sur-
vival period of the tumor-bearing animals [16].

RT-qPCR
Total RNA was isolated form cells and tissues by 
using TRIzol reagent (15596026, Thermo Fisher Sci-
entific) and reverse-transcribed into cDNA using 
M-MLV reverse transcriptase (2641A, Takara). Subse-
quently, PCR was performed using TB Green Premix 
Ex Taq (RR820B, Takara) in a total volume of 20 µL 
using amplification condition of at 95°C for 5 min, fol-
lowed by 40 cycles at 95°C for 10 seconds and 55°C for 
30 seconds on ABI7500Fast (Thermo Fisher Scientific). 
Results were analyzed by 2−∆CT analysis. For detect-
ing of ICL and NKRF mRNA levels, β-actin was used 
as a reference gene. The PCR primers used were: ICL, 
5’-CCTCTCTTTGAACTTGAAATGC-3’(forward) and 
5’-TCCTGGGTCTGAGCATTAGAACCA-3’ (reverse), 
5’-AAGACCAGCCTGTAACAGCCAA-3’ (forward) 
and 5’-TTGCCTGCTGTGATGTGG-3’(reverse) and 
β-actin, 5’-CCTGTACGCCAACACAGTGC-3’ (forward) 
and 5’-ATACTCCTGCTTGCTGATCC-3’ (reverse). 
For normalizing the level of hsa-miR19-3p, U6 snRNA 
was used as reference. The specific primers used for 
reverse transcription were random9-mer for the U6 
snRNA and 5’-GTCGTATCCAGTGCGTGTCGTG-
GAGTCGGCAATTGCACTGGATACGATCAGT-3’ for 
hsa-miR19-3p.

Western blotting
Total protein was extracted from cells using the M-PER 
mammalian protein extraction reagent and from tis-
sues using the T-PER tissue protein extraction reagent 
(78501,78510, Thermo Fisher Scientific). Equal amounts 
of total proteins (15  µg) were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS,11% gel) and transferred to nitrocellulose mem-
branes. The blots were probed with primary antibod-
ies against human p-NF-κB-P65 (ab76032,1:300), 
NF-κB-P65 (ab16502,1:600), NKRF (ab168829, 1:500), 
Bcl-2 (ab241548, 1:500) and β-actin (ab5694,1:1000) 
(Abcam), then followed by probing with Goat Anti-
Rabbit IgG H&L (HRP) (1:3000, ab6721, Abcam) sec-
ondary antibody. After the membranes were washed, 
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the protein blots were detected with the application of 
an enhanced chemiluminescent (ECL) Chemilumines-
cence Detection Kit (32,134, Thermo Scientific) and 
subjected to analysis by Image Lab Software (Bio-Rad, 
Hercules, CA, US). β-actin was used as an endogenous 
reference for normalization. The evaluation of protein 
phosphorylation was based on its own total protein 
(phosphorylation + non-phosphorylation).

Statistical analysis
Data analysis was performed using SPSS 24.0 statistical 
software (SPSS Inc., Chicago, IL, United States). The data 
are shown as the means ± SD (standard deviation, SD) 
of three independent experiments, and P < 0.05 was be 
used as the criterion for statistical significance. In pair-
wise comparisons between groups, t-tests were used for 
two independent samples with homogeneity of variance. 
Comparisons between groups were performed using a 
two-tailed Student’s t-test or one-way ANOVA with a 
post-hoc Tukey test.

Results
The levels of ICL were significantly decreased in LC tissues 
of LC patients with COPD compared to LC patients without 
COPD
In order to re-check the data in the previous screen, the 
relative quantitative analysis of ICL we carried out in 
LC tissues of LC patients with and without COPD by 
using RT-qPCR. The results showed that ICL were sig-
nificantly decreased in LC tissues of LC patients with 
COPD than that of LC patients without COPD (p < 0.01 
vs. LC patients without COPD, Fig. 1A). The FISH results 
showed that the detection signal of ICL (Cy3-red) was 
significantly weaker in LC tissues of LC patients with 
COPD than that of LC patients without COPD (Fig. 1B).

Hsa-miR19-3p maintained a positive correlation with 
phosphorylation of NF-κB p65 in LC tissues of patients 
regardless of COPD, but a negative correlation between 
it and NKRF protein was only maintained in LC tissues of 
patients with COPD
Our previous co-expression analysis had shown that 
ICL had a significant negative correlation with the 
downstream regulatory genes of nuclear transcrip-
tion factor NF-κB such as Bcl-2, CylinD1, and VEGF. 

Fig. 1 Detection of expression of ICL, hsa-miR19-3p, NKRF and phosphorylation of NF-κB-p65 in LC tissues of LC patients with and without COPD and 
their correlation analysis. (A) The relative expression of ICL were detected in LC tissues by RT-qPCR. (B) Detection of ICL in LC tissues by FISH. (C) The rela-
tive levels of hsa-miR19-3p and NKRF mRNA were detected in LC tissues by RT-qPCR. (D) Phosphorylation of NF- κB-p65 and expression of NKRF protein 
in LC tissues were detected by western blotting. (E) Spearman correlation analysis between phosphorylation NF-κB-p65 and hsa-miR19-3p, hsa-miR19-3p 
and NKRF protein in LC tissues. RT-qPCR was performed using U6 and β-actin as references, respectively, and the 2−ΔCt method was used for analysis of 
inter-group difference. For western blotting, β-actin was used as the reference. **p < 0.01 and *p < 0.05. All data are expressed as the mean ± SD (sample 
size, n = 12)
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Further detection showed that the phosphorylation of 
NF-κB-p65, rather than the expression of protein, was 
negative correlated with ICL in LC tissues. Therefore, we 
speculate that ICL may participate in the regulation of 
NF-κB activity through the interaction with NF-κB inhib-
itors. Subsequently, we detected the protein expression 
of I-κBα and NKRF, the most two common inhibitors of 
NF-κB. The correlation analysis showed that the expres-
sion of NKRF in LC tissue of patients with COPD was sig-
nificantly lower than that of LC patients without COPD, 
and the difference only existed at the post-transcriptional 
level (mRNA content remained unchanged). This made 
us believe that the abnormal expression of NKRF might 
be attributed to the posttranscriptional regulation. As a 
typical post-transcriptional regulation mechanism, we 
quantitatively detected miRNAs upstream of NKRF, and 
hsa-miR-19-3p showed a good negative correlation with 
NKRF protein in LC tissue of patients without COPD, 
which is consistent with the theory that miRNA nega-
tively regulates gene expression at post-transcriptional 
level. Interestingly, it seemed that hsa-miR-19-3p lost 
its negative regulation on NRKF protein in LC tissue of 
patients with COPD. Combined with the latest progress 
in miRNA function research, we believed that NF-κB 
p65, miR-19 and NRKF should have an interwoven regu-
latory network in the progression of LC in patients with 
COPD. RT-qPCR data showed that hsa-miR19-3p were 
significantly increased in LC tissues of patients with 
COPD than that of LC patients without COPD (p < 0.01 
vs. LC patients without COPD), and there was no signifi-
cant change in the mRNA level of NKRF between the two 
groups (p>0.05, Fig.  1C). Western blotting showed that 
expression of NKRF was decreased significantly in LC 
tissues of patients with COPD than that of LC patients 
without COPD (p < 0.01 vs. LC patients without COPD), 
and phosphorylation of NF-κB p65 were significantly 
enhanced in LC tissues of patients with COPD than that 
of LC patients without COPD (p < 0.01 vs. LC patients 
without COPD. Figure  1D). Comprehensive analysis 
revealed that hsa-miR19-3p was positively correlated 
with phosphorylation of NF-κB p65, and negatively cor-
related with NKRF protein in LC tissues of patients 
with COPD. However, in LC tissues of patients without 
COPD, hsa-miR19-3p was only positively correlated with 
phosphorylation of NF-κB p65 (Fig. 1E).

Hsa-miR19-3p can inhibit protein expression of NKRF by 
interacting with the 3’-UTR of protein coding mRNA
Bioinformatics analysis identified a seven-base binding 
sites 5’-UUUGCAC-’3 of hsa-miR19-3p seeds region in 
the 3’-UTR of NKRF mRNA (Fig. 2A, upper panel). The 
luciferase data showed that the strong luciferase activity 
was detected in 293T cells infected with either pGL3-
wt-NKRF or pGL3-mt-NKRF after 48  h of transfection 

(p < 0.01, vs. 293T cells untransfected). The hsa-miR19-3p 
mimics significantly inhibited luciferase activity in 293T 
cells transfected with pGL3-wt-NKRF from 32.54 ± 4.11 
to 9.62 ± 1.52; p < 0.01, vs. 293T cells transfected with 
pGL3-wt-NKRF). However, the hsa-miR19-3p inhibitor 
significantly increased luciferase activity in these cells 
from 32.54 ± 4.11 to 49.43 ± 7.57; p < 0.05, vs. 293T cells 
transfected with pGL3-wt-NKRF). In contrast, neither 
the hsa-miR19-3p mimics nor inhibitor had any effect on 
luciferase activity in 293T cells transfected with pGL3-
mt-NKRF (p > 0.05, vs. 293T cells transfected with pGL3-
mt-NKRF). Transfection of hsa-miR19-3p-NC had no 
effect on the luciferase activity in 293T cells transfected 
with either of the two vectors (p > 0.05, vs. 293T cells 
transfected with pGL3-wt-NKRF or pGL3-mt-NKRF) 
(Fig. 2A, lower panel).

ICL interferes with binding of hsa-miR19-3p to NKRF 
3’-UTR
Bioinformatics analysis indicated the existence of four 
binding sites of hsa-miR19-3p in ICL (Fig.  2B, upper 
panel). Luciferase assay showed that hsa-miR19-3p mim-
ics lost their inhibitory effect on luciferase activity in 
293T cells transfected with pGL3-wt-NKRF following 
transfection of pcDNA-ICL (Fig.  2B, lower panel). This 
indicates that ICL can indeed suppress the binding of 
hsa-miR19-3p to the 3’UTR of NKRF mRNA by acting as 
the miRNA sponge.

NF-κB can positively regulate the transcription of hsa-
miR19-3p by binding to its promoter
Forty-eight hours after transfection, strong GFP expres-
sion was observed in most 293T cells transfected with 
pcDNA-pro(miR19-3p)-GFP using fluorescence micros-
copy, indicating the promoter of hsa-miR19-3p have the 
ability to activate the transcription of its downstream 
gene (Fig.  2C). We then obtained a 438  bp promoter of 
hsa-miR19-3p and a conserved NF-κB binding sequence, 
5’-CGGAGCCCCC-3’ in the promoter by bioinformatics 
analysis (Fig. 2D, upper panel). Luciferase assays showed 
that induction of TNF-ɑ (5ng/ml) for 48  h significantly 
increased the luciferase activity in 293T cells transfected 
with pGL3-wt (TFBS)-hsa-miR19-3p (p < 0.01, vs. 293T 
cells transfected with pGL3-wt (TFBS)-hsa-miR19-3p), 
but had no effect on the luciferase activity in 293T cells 
transfected by pGL3-mt (TFBS)-hsa-miR19-3p (p>0.05, 
vs. 293T cells transfected with pGL3-mt (TFBS)-hsa-
miR19-3p), indicating that NF-κB activates transcrip-
tion of hsa-miR19-3p by binding to its promoter (Fig. 2D, 
lower panel). ChIP assay further validated the TFBS of 
NF-κB on hsa-miR19-3p promoter. The results of aga-
rose gel electrophoresis showed that PCR amplification 
using input and eluent of NF-κB protein as templates 
could obtain fragments, indicating that NF-κB can bind 
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to hsa-miR19-3p promoter through predicted TFBS 
(Fig. 2E).

Exogenous ICL showed a stronger ability to inhibit 
proliferation, invasion and migration in LC cells of LC 
patients with COPD than that of LC patients without COPD
In order to prove that ICL can promote the progression 
of LC in patients with COPD, we conducted a compara-
tive study on the function of ICL in tumor cells between 
LC patients with and without COPD. Cell prolifera-
tion assay data showed that overexpression of ICL could 
effectively suppress the proliferation of LCs and C-LCs 
(p < 0.05 vs. LCs group. p < 0.01 vs. C-LCs group, 72 h.). 
However, the degree of inhibition of ICL on cell activity 
is significantly higher in C-LCs than in LCs (Fig. 3A). The 
data of invasion and migration assays showed that the 
change trend of cell invasion and migration in cells of 

each group was completely consistent with the change of 
proliferation activity (Fig. 3B, C).

ICL can inhibit NF-κB activity which can be blocked by 
NKRF silencing
Based on the previous hypothesis, ICL can indirectly 
inhibits NF-κB activity and its leading LC progression 
by regulating NKRF expression through miR19-3p/
NKRF pathway, we further verified the pathway of ICL in 
C-LCs. The RT-qPCR data showed that there was no sig-
nificant difference of ICL levels in C-LCs between con-
trol and Lv-NC groups (p > 0.05, vs. control group), but 
ICL was significantly increased in C-LCs of Lv-ICL and 
Lv-shRNA-NKRF + Lv-ICL groups (p < 0.01 vs. control 
group), there was no significant difference of ICL levels 
in C-LCs between Lv-ICL and Lv-shRNA-NKRF + Lv-ICL 
groups (p>0.05). RT-qPCR data also showed that hsa-
miR19-3p was the lowest in C-LCs of Lv-ICL group and 

Fig. 2 Luciferase and CHIP assay. (A) The luciferase experiment was used to evaluate the binding sites of hsa-miR19-3p to 3’-UTR of NKRF. Upper, predic-
tion of binding sites of hsa-miR19-3p to 3’-UTR of NKRF. Down, analysis of differences between groups. The histogram shows the relative activity of lucif-
erase. *, p < 0.05, and **, p < 0.01. (B) The luciferase experiment was used to evaluate whether ICL can weaken the binds of hsa-miR-19-3p to NKRF 3’-UTR. 
Upper, prediction of binding sites of hsa-miR19-3p to ICL. Down, analysis of differences between groups. (C) Evaluation of the activity of hsa-miR19-3p 
promoter. 48 h after transfection, we can evaluate the promoter activity by observing the expression of GFP in 293T cells. (D)The luciferase experiment 
was used to evaluate whether there is a TFBS of NF-κB in the hsa-miR-19-3p promoter. TNF-α (5ng/mL) was used to activate NF-κB in 293T cells. If NF-κB 
could bind to miR-19-3p promoter, the addition of TNF-α would inevitably up-regulate the luciferase activity in 293T cells 48 h after transfection. (E) CHIP-
PCR was used to verify the TFBS of NF-κB locus on the promoters of hsa-miR19-3p. RT-PCR was used to detect whether PCR amplification with different 
eluents as templates had the single product. Five microliters PCR products was taking for 2% agarose electrophoresis. β-actin was used as reference. The 
tests were carried out on three biological triplicates, and data are expressed as the mean ± SD. ** p < 0.01, * p < 0.05
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highest in Lv-shRNA-NKRF + Lv-ICL groups (p < 0.05 
vs. control group), and there was no significant differ-
ence of hsa-miR19-3p levels in C-LCs between con-
trol and Lv-NC groups (p>0.05) (Fig.  4A). Western 
blotting showed that the expression of NKRF was the 
highest in C-LCs of Lv-ICL group and lowest in C-LCs 
of Lv-shRNA-NKRF + Lv-ICL groups (p < 0.01 vs. con-
trol group), and there was no significant difference in 
NKRF protein expression of C-LCs between the control 
and Lv-NC groups (p>0.05) (Fig.  4B). The above results 
showed that ICL could affect the expression of hsa-
miR19-3p and NKRF, while NKRF silencing could not 
affect ICL, suggesting that ICL is an independent factor 
affecting hsa-miR19-3p/NKRF. Furthermore, the results 
also showed that hsa-miR19-3p and NKRF showed a neg-
ative correlation in C-LCs of all groups, which suggested 
that hsa-miR19-3p and NKRF might be involved in an 
interactive regulatory pathway. A circular regulatory 
pathway hsa-miR19-3p/NKRF/NF-κB of seems to be able 
to explain the above phenomenon very well. The western 

blotting results also showed that the changes of NF-κB 
p65 phosphorylation in C-LCs of each group was com-
pletely opposite to that of NKRF expression. while the 
changes of tumor promoting factors Bcl-2, CyclinD1 and 
VEGF, downstream proteins regulated by NF-κB, were all 
consistent with phosphorylation of NF-κB p65 in C-LCs 
of each group (Fig. 4B).

Exogenous ICL can effectively inhibit the growth of 
transplanted tumor of LC patient with COPD in PDX model 
and prolong the survival period of animals
Six weeks after transplantation, the tumor volumes 
of subcutaneous tumors in the model, Lv-control and 
Lv-ICL groups were 731.93 ± 88.74, 681.18 ± 72.08 and 
319.99 ± 66.65 mm3, respectively. Compared to the model 
group, the tumor inhibition rates in the Lv-control and 
Lv-ICL groups were 6.93% and 56.28% (p < 0.01 vs. 
model or Lv-control groups, Fig.  5A). Survival data of 
tumor-bearing mice showed that animals in the Lv-ICL 
group had the highest survival rate (p < 0.01 vs. model or 

Fig. 3 Analysis of the effects of ICL on proliferation, invasion and migration in LCs and C-LCs. (A) CCK-8 assay. The y-coordinate represents the absorbance 
of samples at 450 nm. (B) Cell invasion assay. Cell invasion assay was performed by trans-well method. The cells passing through the membrane were fixed 
with ice-cold methanol followed by hoechst33342 staining (Left). The number of cells was counted using light microscopy, and the data are presented 
graphically (Right). (C) Wound healing assay on the migration of LCs and C-LCs infected with Lv-control or Lv-ICL. The calculation formula of wound heal-
ing percentage (relative width) was as follows: (the width of wound at 0 h- the width of wound at 24 h)/the width of wound at 0 h. ** p < 0.01, * p < 0.05. 
The tests were carried out on three biological triplicates, and data are expressed as the mean ± SD.
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Lv-control groups), there was no significant difference in 
mice between the model and Lv-control groups (p>0.05, 
Fig.  5B). Immunofluorescence staining of CD34 in the 
subcutaneous tumors showed that the density of nascent 
lymphatic vessels in the tumors of Lv-ICL group was 

significantly decreased than that of model or Lv-control 
groups (p < 0.01 vs. model or Lv-control groups), there 
was no significant difference between the model and Lv-
control groups (p>0.05, Fig.  5C). Immunohistochemical 
staining showed that the changes in Ki67 positivity rates 

Fig. 4 Analysis of the influence of overexpression of ICL on the expression or phosphorylation of mumbers of hsa-miR19-3p/NKRF/NF-κB pathway and 
the expression of tumor-related proteins regulated by NF-κB. (A) The relative levels of ICL and has-miR19-3p in C-LCs of each group were detected by 
RT-qPCR. (B) phosphorylation of NF-κB-p65 and expression of proteins NKRF, Bcl-2, CyclinD1 and VEGF in C-LCs of each group were detected by western 
blotting. The tests were carried out on three biological triplicates, and the data are expressed as the mean ± SD. ** p < 0.01
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in the tumors from each group were consistent with the 
changes of CD34 protein (Fig.  5D). RT-qPCR showed 
that the expression of ICL was significantly enhanced in 
tumor tissues of Lv-ICL group than that of model and Lv-
control groups (p<0.01,vs. model and Lv-control groups 
), and there was no significant difference between the 
model and Lv-control groups (p>0.05). The expression of 
hsa-miR19-3p was enhanced in tumor tissues of Lv-ICL 
group, but there was no significant difference (p>0.05, 
vs. model and Lv-control groups), there was no signifi-
cant difference between the model and Lv-control groups 
(p>0.05) (Fig. 5E). The results of western blotting showed 
that the expression of NKRF was significantly increased 
in tumor tissues of Lv-ICL group than that of model and 
Lv-control groups (p<0.01, vs. model and Lv-control 
groups ), there was no significant difference between 
the model and Lv-control groups (p>0.05). However, 
the phosphorylation of NF-κB-p65 was significantly 

decreased in tumor tissues of Lv-ICL group than that of 
model and Lv-control groups (p<0.01, vs. model and Lv-
control groups ), and there was no significant difference 
between the model and Lv-control groups (p>0.05. Fig-
ure 5 F). Taken together, the in vivo data indicated that 
ICL can effectively inhibit the progression of subcutane-
ous tumors.

Discussion
Studies have shown that at least 40% of LC patients had 
a history of COPD, and the mortality of LC patients with 
COPD is 2.6 times greater than that of those without 
COPD. According to statistics, the incidence rate of LC 
in COPD patients is as high as 800-1,700/100,000, which 
is 6–20 times greater than that of normal population [1, 
2]. Therefore, the pathogenesis of LC in patients with 
COPD should have its own characteristics different from 
those of LC patients without COPD. Recent research 

Fig. 5 Analysis of the influence of ICL overexpression on growth of subcutaneous tumors and survival of tumor-bearing mice. (A) Tumor growth curve. 
The x-coordinate represents the injection time (weeks) and the y-coordinate represents the tumor volume (mm3). The number of animals in each group 
was six (n = 6). (B) Survival time of animals (n = 12). (C)The microvessel density in subcutaneous tumors was calculated. The immunostaining was visual-
ized by fluorescence microscopy at 200× magnification. (D) The positive Ki67 assay. To analyze the Ki67 positive rate, the labeling index was performed. 
Three random images from every cell slide were photographed in triplicate. The labeling index was calculated by dividing the number of Ki67 positive cell 
nuclei by the total number of cells and multiplying by 100. (E) Detection of ICL and hsa-miR19-3p levels in subcutaneous tumor tissues by using RT-qPCR. 
(F) Detection of phosphorylation of NF-κB-p65 and protein expression of NKRF in subcutaneous tumor tissues by western blotting. Left, analysis of optical 
density. right: X-image of the target bands. Data are expressed as the means ± SD. ** p < 0.01, *p < 0.05
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shows that COPD is closely related to the incidence of 
LC, in terms of etiology, both of them can be caused by 
oxidative stress and occur in aging lungs. For example, as 
a contributing factor to the progression of LC and COPD, 
about 1015 free radicals, including reactive nitrogen and 
reactive oxygen species are contained by each cigarette. 
Oxidative stress can induce and maintain the oncogenic 
phenotype of cancer cells cause COPD by damaging 
DNA and inducing aberrant inflammation. In fact, that 
LC and COPD have the common genetic susceptibility is 
not only reflected in the pathological process caused by 
tobacco. Genome wide association analysis (GWAS) have 
found multiple common susceptibility sites using sam-
ples cohort from COPD and LC patients, indicating that 
some susceptibility loci used for determination of the 
susceptibility to COPD are also important for susceptibil-
ity to LC [17]. Therefore, it is believed that COPD and LC 
may actually be different aspects of the same disease, and 
COPD is a common and important driver of LC. Stud-
ies have shown that the presence of mild to moderate 
COPD could increase the risk of LC by three times within 
10 years, and increase to 10 times in patients with severe 
COPD, which may be related to the abnormal inflam-
matory response of the lung in COPD patients. The 
inflammatory response of the lungs in COPD patients 
can induce mitotic disorder, aggravate the possibility of 
endogenous DNA damage into mutation, and cause pro-
liferation in cancerous cells and tumor growth. The clini-
cal and epidemiological survey data showed that chronic 
inflammation caused by airway obstruction also has a 
beneficial impact on LC incidence. It is gratifying that 
the new version of global initiative for chronic obstruc-
tive lung disease (GOLD) emphasizes that we should 
paid attention to the problem of COPD complicated with 
LC, and it was proposed that the early recognition of LC 
should be carry out to improve intervention effects on 
cancers of LC patients with COPD.

A number of studies have reported that the commonly 
used drugs of COPD, such as inhaled corticosteroids 
(ICS) and long-acting drugs β Receptor agonist (LABA), 
mainly the former, can not only effectively reduce various 
respiratory symptoms and acute exacerbation of COPD, 
but also can effectively prevent the occurrence of LC. 
A cohort study of 10,474 COPD patients with an aver-
age follow-up of 38 years showed that the risk of LC in 
COPD patients treated with drugs decreased in a dose-
dependent manner compared to those without ICS, after 
adjusting for age, smoking history, smoking volume, his-
tory of other malignancies, basic diseases, bronchodilator 
application and other factors. The research also showed 
that the ICS + LABA combination is better than single 
drug in reducing the risk of LC in patients with COPD 
[18, 19]. Yu et al. studied the relationship between aspi-
rin and LC related mortality in LC patients with COPD 

through a nationwide cohort. The study data showed 
that use of aspirin was associated with a 25% reduction 
in LC risk (SHR = 0.75, 95% confidence interval 0.65 to 
0.87, p ≤ 0.001) and a 26% reduction in LC related mor-
tality (SHR = 0.74, 95% confidence interval 0.64 to 0.86, 
p ≤ 0.001) in COPD patients. Therefore, the author 
believed that aspirin might be a potential drug for treat-
ment of LC in patients with COPD [20]. Although the 
current retrospective study should not be regarded as 
sufficient evidence to include aspirin in the management 
strategy of COPD, the protective association between 
aspirin and LC deserves to be clarified by future random-
ized studies. All these studies have shown that the risk of 
LC must be highly valued in patients with COPD.

Studies have shown that the activation of nuclear tran-
scription factor NF-κB is an important feature of pul-
monary inflammatory diseases [21, 22]. The biological 
function of NF-κB is closely related to the pathophysio-
logical processes such as immune response, inflammatory 
response, cell proliferation, transformation and apoptosis 
[23, 24]. NF-κB involved in all stages of inflammatory 
response and early immune response by regulating of 
TNF-α、IL-6、 IL-8、 IL-12、COX-2, adhesion mole-
cules, chemokines and colony stimulating factors. In view 
of that activation of NF-κB participates in the pulmonary 
inflammatory reaction of COPD patients and maintains 
it for a long time, many researchers have believed that 
t NF-κB could be used as the primary target of COPD. 
Meanwhile, NF-κB has been proved to be involved in the 
regulation of multiple types of tumor progression [25]. 
NF-kB usually exists in the cytoplasm of almost all the 
types of cells in an inactive form, it can transfer from the 
cytoplasm to the nucleus and regulate the transcription 
of multiple downstream genes after being activated. NF 
kappa B repressing factor (NKRF) modulates transcrip-
tion activity of NF-κB proteins through a direct interac-
tion with Rel homology domain. Studies have shown that 
in most cases, there is a delicate balance between them, 
and maintain the normal biological function of NF-κB. 
In our study, the clinical tissues test data clearly showed 
that expression of NKRF was significantly decreased and 
phosphorylation of NF-κB -p65 significantly enhanced in 
LC tissues of LC patient with COPD than those without 
COPD. Correspondingly, there was no significant differ-
ence in the expression of NKRF mRNA between the two 
LC tissues. This suggests that the activation of NF-κB 
in LC progression of COPD patients may be due to the 
decreased of NKRF protein caused by the abnormal post-
transcriptional regulation mechanism.

As a classic post-transcriptional regulatory mechanism, 
we think there might be a miRNA which regulates NKRF 
at post-transcriptional level. We used the bioinformatics 
software “TargetScan and miRanda” to predict the miR-
NAs with theoretical binding sites on the 3’UTR of NKRF 
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mRNA, and then verified these binding sites by luciferase 
method. The results showed that hsa-miR19-3p could 
negatively regulate the expression of NKRF protein by 
binding to its 3’UTR. However, the subsequent detection 
data and correlation analysis make us confused about 
our previous hypothesis. The expression of hsa-miR19-
3p and NKRF protein only maintained a negative cor-
relation in the LC tissues of LC patients with COPD. In 
other words, hsa-miR19-3p seems to have lost its func-
tion on inhibiting NKRF expression in LC tissues of LC 
patients without COPD, this is consistent with the detec-
tion data of NF-κB p65 phosphorylation in LC tissues 
of LC patients without COPD is significantly lower than 
that of LC patients with COPD. So far, we believe that 
hsa-miR19-3p can indirectly activate NF-κB in LC tis-
sues of LC patients with COPD by negatively regulating 

the expression of the NKRF. Previous studies have shown 
that miR-19 has abnormal expression in many cancers, 
such as breast, lung, colorectal, thyroid, and so on [26]. 
In the field of LC research, miR-19 has been proved to 
regulate lung cancer stem cells (CSCs) traits and play a 
key role in SFN intervention of lung CSCs through miR-
19/GSK3 beta/beta catenin axis [27]. Other studies have 
shown that miR-19 can regulate the proliferation and 
metastasis of LC cells through MXD1 and affect the 
prognosis of LC patients [28]. Aripova et al. have found 
that the expression level of free-circulating hsa-miR-
19b-3p was decreased in the blood plasma of patients 
with BA and ACOS and increased in patients with COPD 
in a study on detection and validation of new microR-
NAs as biomarkers for chronic lung diseases [29]. These 
studies together show that miR-19 plays an important 

Fig. 6 Schematic diagram of the mechanism of ICL participating in the regulation of the occurrence and progression of LC in patients with COPD. The 
right frame illustrates a continuously activated hsa-miR19-3p/NKRF/ NF-κB circular regulatory pathway which leads to the occurrence and progression of 
LC in COPD patients. The left frame illustrates a proposed model of ICL in inhibiting the occurrence and progression of LC in COPD patients by blocking 
hsa-miR19-3p/NKRF/NF- κ B pathway
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role in the pathological progression of COPD and LC 
in patients. From our test data, it is not difficult to find 
that hsa-miR19-3p can promote the occurrence and pro-
gression of LC in COPD patients, and the inactivation of 
hsa-miR19-3p may be an important reason why the LC 
incidence rate of COPD patients is higher than that of 
normals. In addition, based on the fact that the positive 
correlation between hsa-miR19-3p and NF-κB p65 phos-
phorylation simultaneously exists in the LC tissues of LC 
patients with or without COPD, we verified that NF-κB 
can bind to the hsa-miR19-3p promoter and positively 
regulate its transcription through luciferase and CHIP 
experiments. So far, we have every reason to believe that 
a circular pathway hsa-miR19-3p/NKRF/NF-κB is likely 
to maintain the continuous activation of NF-κB in LC tis-
sues of LC patients with COPD (As shown in Fig. 6).

The comparative analysis showed that the phosphoryla-
tion of NF-κB p65 in the LC tissues of LC patients with 
COPD is significantly higher than that of those without 
COPD, suggesting that this circular regulatory path-
way seems to be activated only in the LC tissues of LC 
patients with COPD. In sharp contrast, the operation 
of the circular pathway in LC tissues of the LC patients 
without COPD is blocked. Obviously, what leads to the 
activation and closure of the pathway should be the key 
link between the LC and COPD. We believe that there is 
likely to be a lncRNA which can weaken the regulatory 
function of hsa-miR19-3p on NKRF, this is in line with 
the inference and expectation theoretically. According to 
the theory, it is not difficult to imagine that this lncRNA 
should have two basic characteristics: [1] The expression 
of the lncRNA in LC tissues of LC patients with COPD 
is significantly lower than that of LC patients with-
out COPD. [2] This lncRNA must have the structure of 
sponge of hsa-miR19-3p. It is reported that lncRNAs can 
competitively inhibit the binding of miRNA to its target 
gene [30]. Based on inferred characteristics, we screened 
and obtained a lncRNA-ICL which had the sponge struc-
ture of hsa-miR19-3p and was significantly decreases in 
LC tissues of LC patients with COPD compared to those 
without COPD. The luciferase experiments confirmed 
that ICL could significantly inhibit the binding of hsa-
miR-19 to the 3’UTR of NKFB. Research data revealed 
that ICL was an independent influence factor of circular 
regulatory pathway hsa-miR19-3p/NKRF/NF-κB. Sub-
sequent functional in vitro and in vivo analyses showed 
that overexpression of ICL could more effectively inhibit 
the proliferation, invasion and migration in primary 
tumor cells from LC patients with COPD than those 
without COPD, it also inhibited the growth in subcuta-
neous xenograft tumor of LC patients with COPD and 
prolong the survival of tumor-bearing mice. In addition, 
in the study of mechanism, we set up a response con-
trol through NKRF silence to evaluate the dominance of 

ICL’s pathway. At the same time, we collected LC tissues 
from LC patients with COPD and further established the 
patient-derived xenograft model (PDX) to verify whether 
ICL has the effect on inhibiting the progression of LC in 
COPD patients with the different genetic background.

The significance of this study is that we report for the 
first time that a circular pathway miR19-3p/NF-κB//
NKRF participates in the occurrence and progression of 
LC in patients with COPD, and first revealed that ICL 
is an important reason for the high incidence of LC in 
patients with COPD. As shown in Fig.  6, our research 
confirms that the activation of circular pathway and 
continuous activation of NF-κB caused by the decrease 
of ICL in lung tissue and cells of COPD patients should 
promote carcinogenesis and tumor progression in COPD 
patients. This study provides a strong theoretical sup-
port for using ICL as a target for precise treatment and 
targeted therapy of LC in COPD patients. More impor-
tantly, we should not ignore the potential of ICL and its 
metabolites used as new clinical screening markers. It is 
undoubtedly encouraging that our ongoing research have 
shown that ICL can encode small molecular peptides 
which can be detected in BALF of COPD patients, we 
can imagine that if it can be stably detected in bronchoal-
veolar lavage fluid (BALF) and plasma, the ICL encoded 
polypeptide should have the potential to be used as non-
invasive biomarkers for risk prediction and diagnosis of 
LC in COPD patients, this is consistent with the current 
research hotspots of lncRNAs. A study of Huang et al. 
indicates that the loss of HOXB-AS3 peptide is a critical 
oncogenic event in CRC metabolic reprogramming, and 
their findings uncover a complex regulatory mechanism 
of cancer metabolism reprogramming orchestrated by a 
peptide encoded by a lncRNA [31]. Pang et al. showed 
a new mechanism of HCC tumorigenesis promoted 
by ncRNA-encoded peptides, they also believed that 
the peptides can serve as a new target for HCC cancer 
therapy and a new biomarker for HCC diagnosis and 
prognosis [32]. Up to now, although the research on the 
biological functions of lncRNA and its encoded peptides 
has the broad prospects, there are also bottlenecks that 
restrict further research of them for example the devel-
opment and establishment of new schemes suitable for 
clinical detection of lncRNAs and peptides and the the 
extended follow-up of patients, we undoubtedly believe 
that the prospect is bright.

Conclusion
In conclusion, our study shows that the decreased of ICL 
promotes the occurrence and progress of LC in COPD 
patients by blocking circular pathway hsa-miR19-3p/
NF-κB//NKRF. ICL has the potential to be used as a ther-
apy target for LC in COPD patients, and its metabolites 
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are expected to become a new marker for predicting the 
risk of LC among patients with COPD.
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