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Purpose: Alpha-1 antitrypsin (A1AT) is a secreted protein that plays an important role in

various diseases. However, the role of A1AT in non-small cell lung cancer is obscure.

Materials and Methods: A1AT expression in non-small cell lung cancer was analyzed

using quantitative reverse transcription PCR, Western blotting (WB), immunohistochemistry

(IHC), and ELISA. WB and IF were used to analyze markers of epithelial-to-mesenchymal

transition (EMT), EndoMT, and cancer stem cell (CSC). Transwell and cell wound healing

assays were used to analyze migration and invasion abilities. Colony formation and CCK-8

assays were used to analyze cell proliferation following cisplatin treatment.

Results: A1AT expression was higher in lung cancer samples than in normal tissues and the

increased expression was correlated with poor overall survival of patients. In vitro experi-

ments showed that A1AT overexpressed by plasmid transfection significantly promoted

migration, invasion, EMT, EndoMT, stemness, and colony formation in lung cancer cell

lines, as opposed to A1AT downregulation by siRNA transfection, which significantly

inhibited all these variables.

Conclusion: A1AT is a novel therapeutic target and might be associated with tumor

metastasis in lung carcinoma.

Keywords: epithelial-to-mesenchymal transition, endothelial-to-mesenchymal transition,

alpha-1 antitrypsin, non-small cell lung cancer, cisplatin resistance

Introduction
Lung cancer is the leading cause of cancer-related deaths worldwide and is associated

with low patient survival rates.1,2 The vast majority of lung cancers constitute

malignant epithelial tumors. Based on the size and appearance of cells, lung cancer

is mainly divided into small cell lung cancer (SCLC) and non-small cell lung cancer

(NSCLC). NSCLC accounts for approximately 85% of lung cancer cases. Surgery,

radiotherapy, and chemotherapy are common methods for treating lung cancer apart

from targeted and immunotherapy, branching, and palliative care.3–5 The poor prog-

nosis of patients with NSCLC is mainly due to the directed spreading, metastasis,

recurrence, chemoresistance and other traits of the tumor cells. Multidrug resistance

is a major concern that limits the success of cancer chemotherapy. Kesharwani et al

made great progress in the treatment of cancer using multi-functional polymer
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micelles.6,7 Metastatic lung cancer cells are usually resistant

to radiation and chemotherapy, which greatly affects patient

prognosis.8 Therefore, identification of markers of metas-

tasis in lung cancer is particularly important for develop-

ment of effective treatments.9

Alpha-1-antitrypsin (A1AT) belongs to the serpin super-

family of proteins and is produced and secreted by cells of

endodermal epithelial origin, primarily hepatocytes, and

immune cells. It plays important roles in many diseases

such as liver disease, emphysema, polyangiitis, and lung

diseases10–15 as an anti-protease, anti-inflammatory, and

anti-apoptotic agent.16 Recent studies indicate that A1AT

is a key factor in epithelial-to-mesenchymal transition

(EMT) in lung cancer.17 However, the role of A1AT in

chemotherapy resistance is thus far unknown. Therefore,

this study aimed to investigate the functional role and clin-

ical relevance of A1AT in human lung cancer.

EMT is one of the main processes of cancer cell

metastasis. In normal tissue physiology, EMT is associated

with normal tissue development and organogenesis as well

as tissue remodeling and wound healing.18 EMT causes

polarized, immotile epithelial cells to acquire apolar,

highly migratory fibroblast-like features. The role of

EMT in tumor metastasis is based on the observation that

acquisition of mesenchymal markers, such as N-cadherin

or vimentin19 by epithelial carcinoma cells is associated

with increased metastatic potential and loss of epithelial

cell adhesion molecules, such as E-cadherin.20 Some evi-

dence suggests that EMT is associated with the acquisition

of stemness in cancers.21,22 Stem-cell-like cancer cells or

cancer stem cells (CSCs) possess the defining character-

istics of normal stem cells and have an enhanced ability to

initiate tumors upon transplantation.23 CSCs are cells

within a tumor that possess the capability to self-renew

and differentiate into heterogeneous lineages of cancer

cells that comprise the whole tumor.24

Like EMT, endothelial cells can acquire stem-cell-like

properties and differentiate into many other cells in

EndoMT.25 The endothelial cells lose their endothelial

phenotype due to reduced expression of specific endothe-

lial markers like VE-cadherin and gain of expression of

mesenchymal markers like FSP-1 and alpha smooth mus-

cle actin (α-SMA) during EndoMT.26 The loosening of the

link between endothelial cells leads to easier passage of

tumor cells through the blood vessels to the distal end in

EndoMT.

Here, we show that A1AT deregulation is an indepen-

dent prognostic indicator in lung carcinoma. Our findings

also indicate that A1AT plays an important role in EMT

and EndoMT in lung cancer. Moreover, A1AT silencing

significantly enhances chemotherapy resistance. Therefore,

we propose A1AT as a novel therapeutic target in lung

cancer and that it might be associated with tumor metas-

tasis in lung carcinoma.

Materials and Methods
Materials
The human microvascular endothelial cells HMVEC,

NSCLC cell lines A549 (adenocarcinoma), H1650 (adeno-

carcinoma), SPCA-1 (adenocarcinoma), and the normal

lung bronchial epithelial cell line BEAS-2B cell lines

were purchased from Cell Bank of the Chinese Academy

of Sciences (Shanghai, China) and were cultured accord-

ing to the manufacturer’s instructions. The antibodies used

in this study were against β-actin (Cat. No. 60008-1-Ig,

Proteintech) for WB; A1AT (Cat. No. 16382-1-AP,

Proteintech) for WB and tissue immunohistochemistry

(IHC); E-cadherin (Cat. No. 5296, Cell Signaling),

N-cadherin (Cat. No. 22018-1-AP, Proteintech), FSP-1

(Cat. No. 201227, Zen BioScience), occludin (Cat. No.

13409-1-AP, Proteintech), ZO1 (Cat. No. 8193,Cell

Signaling), VE-cadherin (Cat. No. 2500, Cell Signaling),

CD133 (Cat. No. 18470-1-AP, Proteintech), CD44 (Cat.

No. 15675-1-AP, Proteintech), and ALCAM (Cat. No.

21972-1-AP, Proteintech) for WB and immunofluores-

cence. Peroxidase AffiniPure goat anti-mouse IgG (Cat.

No. 511103), and peroxidase AffiniPure goat anti-rabbit

IgG (Cat. No. 511203) was purchased from Zen

BioScience. Cy3-conjugated AffiniPure goat anti-mouse

IgG (Cat. No. SA00009-1), and cy3-conjugated

AffiniPure goat anti-rabbit IgG (Cat. No. SA00009-2)

was purchased from Proteintech. Recombinant human

alpha-1-antitrypsin (rhA1AT) (Cat. No. Ag9516) was pur-

chased from Proteintech. The NSCLC tissue microarray

(Cat. No. HLugS180Su01) was purchased from the

Shanghai Outdo Biotech Company. Lung cancer tissue

data were recorded in Excel named HLugS180Su01.

Cell Culture
All cells were maintained in RPMI-1640 medium supple-

mented with 10% fetal bovine serum (FBS), 10 mM

L-glutamine, and 5 mgmL penicillin/streptomycin at 37 °C

and 5% CO2. All media and supplements were purchased

from Invitrogen.
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A1AT Silencing and Overexpression
A549, H1650, and BEAS-2B cells were transfected with

A1AT small interfering RNA (siRNA) (Si#01: CCCAC

GATATCATCACCAA, Si#02: GCCTGAAGCTAGTGG

ATAA, Si#03: CCAAGAAACAGATCAACGA, RIBO

BIO, Guangzhou, China) using Lipofectamine 3000

(Invitrogen, Carlsbad, CA, USA). Opti-MEM (Gibco,

Grand Island, NY, USA) transfection medium was

replaced with complete culture medium 5 h after transfec-

tion. All experiments were performed 48 h after transfec-

tion. The A1AT sequence was constructed into the

pcDNA3.1 vector. Ectopic expression of A1AT was

achieved through pcDNA3.1-A1AT transfection using

lipofectamine-3000, with an empty pCDNA3.1 vector

served as a negative control. The expression levels of

A1AT were measured by real-time quantitative PCR.

Total RNA Extraction and Quantitative

Reverse Transcription PCR
Total RNA was extracted from small intestinal tissues using

a total RNA extraction kit (Solarbio, Beijing, China), accord-

ing to the manufacturer’s instructions. RNA concentrations

were determined using a NanoDrop 2000 spectrophotometer

(Thermo Fisher Scientific, Waltham, MA, USA). One micro-

gram of total RNA was then reverse-transcribed using an

iScript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA) to

synthesize cDNA. Quantitative reverse transcription PCR

(qRT-PCR) was performed using a CFX96 Real-time System

(Bio-Rad) with SYBR Green Supermix (Bio-Rad). Primer

sense and antisense sequences of A1AT: FORWARD:

AGAGCGTCCTGGGTCAACT; REVERSE: GCTTCAGTC

CCTTTCTCGTC. β-actin was used as an internal control for

quantification. The 2-ΔΔCT method was used to calculate

relative expression levels.

Immunofluorescence
Cultured cells were fixed with 4% paraformaldehyde,

washed twice with phosphate-buffered saline (PBS), and

then blocked with PBS containing 10% normal goat

serum. Cells were then stained with an anti-E-cadherin,

anti-vimentin, or anti-FSP-1 polyclonal antibody solution

for 30 min at 37 °C, washed twice with PBS, stained with

a Cy3-conjugated secondary antibody for 30 min at 37 °C,

and washed twice with PBS. All immunofluorescence

images were captured using a DM4000 microscope

(LEICA, Wetzlar, Germany) equipped with either a 20×

or a 40× objective lens (LEICA) and a DFC450 C camera

(LEICA). Images were processed using the LAS V4.5

controller software (LEICA).

Transwell Assays
Cells were cultured in 10-cm plates, and fresh medium was

added 18 h prior to performing each assay. Cells were trypsi-

nized, washed twice, and then resuspended in serum-free

medium. The final cell density was determined using

a hemocytometer. The lower wells of the transwell chamber,

which had an 8 µL membrane, were loaded with RPMI-1640

containing 10% serum. A 200-μL volume of the cell suspen-

sion containing 10,000 cells was added to each upper well.

The loaded chambers were incubated for 24 h at 37 °C, at

which time the chambers were removed from the incubator

and disassembled. Cells on the upper surface of the membrane

were removed by scraping so that only cells that had migrated

through the membrane remained. The membrane was then

fixed with methanol, stained with 0.1% crystal violet, and air

dried. Cell counts were obtained by observing the membranes

under a DM4000 microscope (LEICA) and counting the cells

in each field. The data are presented as an average of counts

from five fields of triplicate wells for each test condition.

Co-Cultures
Cells were trypsinized, washed twice, and then resuspended in

RPMI-1640 containing 10% serum. The final cell density was

determined using a hemocytometer. The whole wells of the trans-

well chamber, which had a 3 ul membrane so that the cells in the

upper wells could not migrate into the lower wells, and the appa-

ratus was loaded with RPMI-1640 containing 10% serum. A 200-

μLvolumeof thecell suspensioncontaining10,000A549cells that
were transfectedwith pcDNA3.0vector or pcDNA3.0-A1ATwere

added to each upper well. HMVEC cultured in the lower wells. In

this way, cells were co-cultured for 24 h.

Western Blotting
ForWB analysis, all protein samples were resolved by sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE) on 12% gels and then transferred to nitrocellulose

membranes, which were then blocked for 1 h at 25 °C in Tris-

buffered saline (TBS) containing 0.1% Tween 20 and 5% fat-

free milk. Membranes were incubated with the primary anti-

body solutions for 18 h at 4 °C and with secondary antibody

solutions at room temperature for 1 h. The secondary antibo-

dies were conjugated with horseradish peroxidase (HRP)-

conjugates, and immunoreactive signals were detected by

enhanced chemiluminescence (ECL, SuperSignal; Pierce,

Rockford, IL, USA) or ECL Plus (Amersham Pharmacia

Dovepress Wu et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
3753

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Biotech, Buckinghamshire, United Kingdom) according to the

manufacturer’ s instructions.

Cell Viability Assays
For colony formation assay, cells (500 cells/well) were

plated in 6-well plates (Corning, Corning, NY, USA)

after being treated with different concentrations of cispla-

tin (0, 1.25, 2.5, and 5 μgmL). Cells were allowed to

proliferate in the culture medium for ten days (medium

was replaced every three days). Colonies were washed

with PBS, fixed with methanol, and stained with crystal

violet. The cell counting kit 8 (CCK-8, Beyotime,

Shanghai, China) assay was performed according to the

manufacturer’ s instructions.

ELISA
Firstly, serum was collected according to the CT results of

a patient before treatment, then screened according to the

diagnosis made by the pathologist. Sixty-three serum samples

were collected from lung cancer patients from March 2017 to

September 2018. All patients signed informed consent forms.

All patients were newly diagnosed and untreated. There were

42 cases of carcinoma in situ and 21 cases of metastatic

cancer. Twenty serum samples were also collected from

healthy people. Finally, the A1AT ELISA kit (BSWS,

China) was used to analyze the A1AT content in serum sam-

ples according to the manufacturer’s instructions. All patient

data were recorded.

Immunohistochemistry
Tissue arrays were dewaxed, and antigens were retrieved

using high pressure. Endogenous peroxidases were

blocked with 3% hydrogen peroxide for 10 min. After

adding normal goat serum for 30 min, tissues were incu-

bated with the primary antibody at 4 °C overnight, washed

with phosphate-buffered saline (PBS), and then incubated

with a biotin-conjugated secondary antibody (ZSGB-BIO,

Beijing, China) for 30 min at 37 °C. After washing, the

sections were incubated with horseradish peroxidase

(HRP) complex for 30 min at 37 °C and visualized using

diaminobenzidine (DAB). All immunohistochemical

images were obtained using an Olympus BX51 micro-

scope equipped with a 20×, 40×, or 100× objective lens

(Olympus) and a DP 50 camera (Olympus). Images were

processed using the DPC controller software (Olympus).

A1AT expression was assessed by multiplying scores

representing the percentage and intensity of staining.

Staining intensity was graded as 0 (no staining), 1 (weak

staining = light yellow), 2 (moderate staining = yellow

brown), and 3 (strong staining = brown). The extent (0% –

100%) of reactivity was scored as follows: 0 (<5% posi-

tive cells), 1 (5%–25% positive cells), 2 (25%–50% posi-

tive cells), 3 (51% –75% positive cells), and 4 (>75%

positive cells). Scores of 0–2 were classified as low

expression, whereas all other scores were classified as

high expression.

Two pathologists without knowledge of the clinico-

pathological variables independently scored the staining

on each slide. Staining assessment and the allocation of

tumors by the two pathologists were similar. Cases with

discrepancies were simultaneously reviewed by the origi-

nal two pathologists and a senior pathologist until

a consensus was reached.

Statistical Analysis
Each experiment was independently performed at least three

times. All experiments were generated using a paired t-test or

one-way ANOVA analyses with GraphPad Prism 5 software

(GraphPad, San Diego, CA, USA). Statistical significance

was defined as P < 0.05.

Results
A1AT Is Overexpressed and Correlated

with Poor Prognosis in Lung Cancer
To investigate the expression pattern of A1AT in NSCLC, we

first compared the level of the A1AT protein in the normal

human lung cell line, BEAS-2B, with that in NSCLC cell

lines (A549,SPCA-1,H1650). The A1AT protein level was

significantly higher in NSCLC cell lines (Figure 1A). We

further examined A1AT levels in a human NSCLC tissue

microarray,which contains tumors and their overall survival

in 90 patients, by immunohistochemistry (IHC). We found

that the expression of A1AT was increased in tumor tissue

compared to that in the adjacent tissue (Figure 1B). More

importantly, patients with low A1AT expression had longer

overall survival than patients with high A1AT expression

(Figure 1C). Considering that A1AT is a secretory protein,

we collected serum samples from 20 healthy people and

serum samples from 40 patients with lung cancer. We also

detected A1AT levels by ELISA.We found that serumA1AT

levels were significantly higher in patients with lung cancer

(Figure 1D, P<0.001). Taken together, these results demon-

strated that A1AT was upregulated in NSCLC and was

related to overall survival.
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A1AT Silencing Inhibits NSCLC

Metastasis in vitro
EMT is a key step in the metastatic initiation of cancer cells.

Because tumor metastasis is detrimental to the survival of

patients with lung cancer, we investigated the effects of

A1AT expression on lung cancer cell migration. A1AT

was silenced by RNA interference, and the knockdown

was confirmed by Western blot (WB) and quantitative

PCR (qPCR) analysis for mRNA and protein expression,

respectively, (Figure 2A, B, P< 0.001). Wound-healing,

transwell, and Matrigel invasion assays revealed that

A1AT knockdown significantly inhibited the migration of

A549 adenocarcinoma cells (Figure 2C–G, P<0.01).

Consistently, immunofluorescence and Western blot analy-

sis showed a marked upregulation of the epithelial marker

E-cadherin and a concomitant downregulation of the

mesenchymal markers vimentin and N-cadherin in response

to A1AT silencing (Figure 2H and I). Similar results were

obtained for H1650 adenocarcinoma cells (Supplementary

Figure 1). In addition, the function of A1AT in EMT was

investigated in the normal lung epithelial cell line BEAS-

2B. We found that A1AT knockdown inhibited the expres-

sion of EMT markers (Supplementary Figure 2).

A1AT Overexpression Enhances Lung

Cancer Cell Metastasis in vitro
To further investigate the role of A1AT in lung cancer cells,

A1AT was overexpressed in the aforementioned cell lines.

First, we confirmed the overexpression of A1AT by WB and

qPCR analysis (Figure 3A and B, P<0.001). In these condi-

tions, our results were contradictory to those observed upon

A1AT knockdown: overexpression of A1AT was associated

Figure 1 A1AT is overexpressed and correlated with poor prognosis in lung cancer. (A) A1AT is overexpressed in NSCLCs by Western blot. (B) A1AT levels in a human

NSCLC tissue microarray by IHC. (C) A1AT is correlated with poor prognosis in lung cancer. Kaplan–Meier analysis of overall survival of 90 non-small cell lung cancer patients.

Each subgroup was divided into low- (below or equal to the median value) and high-A1ATexpression groups (above the median value); Log rank test, P < 0.001. (D) A1AT is

detected by ELISA. A1AT in 63 serum samples of lung cancer patients (42 cases of carcinoma in situ and 21 cases of metastatic cancer) and 20 serum samples of healthy person

are detected by ELISA kit (P < 0.001).
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with increased cell migration (Figure 3C–G, P<0.01), down-

regulation of the epithelial marker E-cadherin, and upregula-

tion of the mesenchymal markers vimentin and N-cadherin

(Figure 3H and I). Similar results were obtained in H1650

and BEAS-2B cells (Supplementary Figures 3 and 4,

respectively,).

Figure 2 A1AT silencing inhibitsNSCLCmetastasis in vitro. (A,B) A1ATexpression inA549 cells transfectedwithA1AT short interferingRNA (siRNA)or control siRNA (Ctl) byWestern blot (A)
and quantitative PCR (B). Si#01, Si#02, Si#03 indicate the three siRNAs used for the RNA interference. (C–E) Cell migration wasmonitored in transwell assays andmatrigel transwell assays in A1AT-
silenced and control A549 cells (scale bar, 100 μm). Representative images (C) and quantitation (D,E) are shown. (F,G) Analysis of the effects of A1AT knockdown on cell migration in wound-healing

assays (scale bar, 500 μm). Representative images (F) and quantitation (G) are shown. (H, I) Analysis of the expression of E-cadherin (epithelial marker) and vimentin and N-cadherin (mesenchymal
markers) in A1AT-silenced and control cells byWestern blotting (H) and immunofluorescence staining (I); scale bar, 50 μm.
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Figure 3 A1AToverexpression enhances lung cancer cell metastasis in vitro. (A,B) A1ATexpression in A549 cells transfectedwith a vectoroverexpressingA1ATor a control vector (Ctl)
byWestern blot analysis (A) and quantitative PCR (B). (C–E) Cell migrationwasmonitored in transwell assays andmatrigel transwell assays in A1AT-overexpressing and control A549 cells
(scale bar, 100 μm). Representative images (C) and quantitation (D,E) are shown. (F,G) Analysis of the effects of A1AToverexpression on cell migration in wound-healing assays (scale bar,

500 μm). Representative images (F) and quantitation (G) are shown. (H, I) Analysis of the expression of E-cadherin (epithelial marker) and vimentin and N-cadherin (mesenchymal

markers) in A1AT-overexpressing and control cells by Western blotting (H) and immunofluorescence staining (I); scale bar, 50 μm.
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A1AT Secreted by A549 Promotes

Endothelial Cell EndoMT
In our experiments, we found that metastatic carcinoma had

higher A1AT expression than carcinoma in situ (Figure 1D,

P<0.001), which suggests that there may be other reasons for

the distant metastasis of the tumor. Considering that A1AT is

a secreted protein that can affect EMT in tumor cells, will it

also affect EndoMT in endothelial cells? Therefore, we set up

a co-culture model of A549 and HMVEC (Figure 4A). After

24 h of cultivation, we first detected the level of A1AT in the

culture medium by ELISA. The level of A1AT in the A1AT

overexpression group was significantly higher than that in the

control group (Figure 4B, P<0.001). We then detected VE-

cadherin and FSP-1 of HMVEC byWB and IF. We found that

the endothelial marker,VE-cadherin, decreased and the

mesenchymal marker, FSP-1,increased (Figure 4C and D).

This indicates that endothelial cells have EndoMT under the

action of A1AT. Finally, we detected the expression of tight

junction proteins ZO1 and occludin in HMVEC. The two

proteins were all reduced under the role of A1AT. (Figure 4E

and F). To ensure that the EndoMT of HMVEC is directly

driven by A1AT, recombinant human alpha-1-antitrypsin

(rhA1AT) was used. Cells were treated with 1000 nIUmL

rhA1AT or PBS with the same volume (Ctl) for 24 h. We

then detected endothelial marker VE-cadherin and the

mesenchymal marker FSP-1 of HMVEC by WB and IF. We

found that VE-cadherin decreased and FSP-1 increased

(Supplementary Figure 5A andB). This indicates that endothe-

lial cells have EndoMT under the action of rhA1AT. Finally,

we detected the expression of tight junction proteins ZO1 and

Figure 4 A1AT secreted by A549 promotes endothelial cells EndoMT. (A) A549 and HMVEC co-culture model. (B) A1AT levels in culture supernatant detected by (ELISA

(P<0.01). (C, D) Analysis of the expression of VE-cadherin (endothelial marker) and FSP-1 (mesenchymal markers) in HMVECs by Western blotting (C) and immunofluorescence

staining (D); scale bar, 50 μm. (E, F) Analysis of the expression of ZO1 and Occludin in HMVECs by Western blotting (E) and immunofluorescence staining (F); scale bar, 50 μm.
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occludin in HMVEC. The two proteins were all reduced under

the role of rhA1AT (Supplementary Figure 5C and D). These

results are consistent with the results of the co-culture. These

results demonstrated that A1AT promoted endothelial cell

EndoMTand reduced tight junctions between endothelial cells.

A1AT Silencing Promotes Sensitivity to

Cisplatin in Human NSCLC Cells
Our previous results suggested that A1AT knockdown inhib-

ited the mesenchymal phenotype of the cells. Because many

studies have shown that EMT imparts resistance to radiother-

apy or chemotherapy,28 we speculated that A1AT silencing

would affect the chemotherapeutic response by regulating

stemness. First, we confirmed that A1AT knockdown is

associated with increased stemness by immunofluorescence

and Western blot analysis of the CSC marker cluster of differ-

entiation-44 (CD44), CD133, and CD166 (ALCAM) expres-

sion in A1AT-knocked down and control (Ctl) A549 and

H1650 cells (Figure 5A and B). Cancer stem cells are asso-

ciated with chemoresistance.29 Cisplatin is the first-line drug

for lung cancer therapy; however, resistance is highly preva-

lent in patients and significantly limits survival. Thus, we

further explored the functional significance of A1AT expres-

sion in cisplatin resistance. Notably, the cell counting kit 8

(CCK-8) assay and colony formation assays revealed that

A1AT knockdown sensitized A549 cells to cisplatin-induced

cell death (Figure 6A, C and D, P<0.001), suggesting that

A1AT enhances the resistance of the cells to cisplatin therapy.

Figure 5 A1AT silencing inhibits stemness in NSCLC. (A, B) Analysis of CD133, ALCAM and CD44 expression by Western blotting (A) and immunofluorescence (B) in
A1AT-silenced or control (Ctl) A549 and H1650 cells (scale bar, 50 μm). Si#03 indicates the siRNA used for the RNA interference.
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A1ATOverexpression Reduces Sensitivity

to Cisplatin in Human NSCLC Cells
We confirmed the effect of A1AT on cisplatin resistance

by overexpressing A1AT in A549 and H1650 cells. We

found that overexpression of A1AT was associated with

upregulation of CD44, CD133, and ALCAM expression

(Figure 7A and B). Cell proliferation and colony

formation assays revealed that A1AT overexpression

decreased the sensitivity of A549 cells to cisplatin-

induced cell death (Figure 6B, E and F, P<0.001).

Figure 6 Effect of A1ATon cisplatin sensitivity in NSCLC. (A, B) Cisplatin-induced cell death was monitored by CCK-8 assays. A1AT-silenced and control (Ctl) cells treated

with cisplatin. Si#03 indicates the siRNA used for the RNA interference (A). A1AToverexpressing and control cells treated with cisplatin (B). (C, D) Cisplatin-induced cell

death was monitored in colony formation assays in A1AT-silenced and control A549 cells. Representative images (C) and quantitation (D) are shown. (E, F) Cisplatin-
induced cell death was monitored in colony formation assays in A1AT-overexpressing and control A549 cells. Representative images (E) and quantitation (F) are shown.
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Discussion
Lung cancer is the primary cause of cancer-related death,30

with millions of new cases diagnosed each year. Although

advances have been made in the treatment of this disease

through surgery, chemotherapy, and radiotherapy, cancer

metastasis remains the main cause of poor prognosis, with

a low overall 5-year survival rate.1,2 Thus, it is important

to identify new cancer metastasis-related genes and to

study the mechanism through which they promote the

development of cancers.

A1AT is highly expressed in cells of endodermal epithe-

lial origin. A1AT protein is secreted into the blood, where it

inhibits neutrophil proteases, thereby protecting host tissues

from non-specific injury associated with inflammation.8 In

our study, we found that A1AT influences EMT and drug

resistance in human NSCLC.

It is widely accepted that EMT plays a significant role

during tumor invasion and metastasis.31–33 EMT is associated

with the expression of mesenchymal markers such as

N-cadherin or vimentin and loss of epithelial cell adhesion

molecules such as E-cadherin.27,34,35 In our results, silencing

of A1AT leads to the downregulation of epithelial markers

(E-cadherin) and the upregulation of mesenchymal markers

(vimentin), implying that A1AT silencing inhibits EMT in

lung cancer cells. Similar results were obtained in immuno-

fluorescence assays. Therefore, the downregulation of A1AT

reverses EMT in vitro. Tumormetastasis includes several steps:

loss of cellular adhesion, increased motility and invasiveness,

Figure 7 A1AToverexpression promotes stemness in NSCLC. (A, B) Analysis of CD133, ALCAM and CD44 expression by Western blotting (A) and immunofluorescence

(B) in A1AT-overexpressing or control (Ctl) A549 and H1650 cells (scale bar, 50 μm).
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intravasation, extravasation, and colonization at a distant site.36

In our transwell and wound-healing assays, A1AT downregula-

tion significantly inhibited the migration of lung cancer cells,

and A1AT overexpression had the opposite effect, indicating

that A1AT silencing inhibits lung cell metastasis in vitro.

Similar to EMT, endothelial cells can also dedifferentiate

intomesenchymal cells. In our results, secretedA1AT led to the

downregulation of endothelial markers (VE-cadherin) and the

upregulation of mesenchymal markers (FSP-1), implying that

secreted A1AT promotes EndoMT in endothelial cells. There is

evidence of the existence of EndoMT in many different patho-

logical conditions such as cardiac fibrosis, cancer, vein stenosis,

and retina diabetes.37–39 In EndoMT, endothelial cells dediffer-

entiate into mesenchymal cells, and at the same time loss of

cell-cell contact.40 That makes it easier for tumor cells to pass

through the blood vessel.

Many studies have shown that EMT facilitates resistance to

radiotherapy and chemotherapy.41,42 Cisplatin (cis-

diamminedichloro-platinum II) is a major drug used in the

treatment of lung cancer, especially in NSCLC.43 Because

acquired drug resistance is a common phenomenon in patients

with NSCLC,44 a detailed understanding of the molecular

mechanism of cisplatin resistance is necessary to develop new

therapeutic strategies that circumvent it. Consistently, A1AT-

knockdown cells displayed increased sensitivity to cisplatin-

induced cell death when compared to control cells.

In summary, A1AT induces EMT, EndoMT, and drug

resistance in human NSCLC and is a promising therapeu-

tic target for lung cancer.
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