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Abstract

Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related death worldwide. Homeobox D9 (HOXD9),
a member of the HOX family of transcription factors, plays a driver role in development of multiple cancers. Angiopoi-
etin-2 (ANGPT2) is reportedly to facilitate angiogenesis, growth and metastasis in various cancers, including lung can-
cer. In addition, blocking ANGPT2 can effectively improve cancer immunotherapy via downregulation of Programmed
death ligand-1 (PD-L1). The purpose of this study was to elucidate the role of HOXD9 in NSCLC and whether ANGPT2
is required for HOXD9-mediated malignant behaviors of NSCLC cells. By performing a series of in vitro functional
experiments, we found that knockdown of HOXD9 induced proliferative inhibition, cell cycle G1 arrest, apoptosis,
migratory suppression and invasive repression of NSCLC cells. Reduced PD-L1 expression in NSCLC cells was observed
after HOXD9 silencing. Besides, HOXD9 deletion decreased the expression of ANGPT2 in NSCLC cells. In line with this,
HOXD9 overexpression led to opposite alteration in NSCLC cells. Mechanistically, ANGPT2 was transcriptionally acti-
vated by HOXD9. Forced expression of ANGPT2 significantly regulated HOXD9-mediated malignant phenotypes, and
enhanced PD-L1 expression of NSCLC cells. Our results expressing HOXD9 may function as an oncogene in NSCLC via
trans-activation of ANGPT2.
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Introduction

Lung cancer ranks among the most frequent causes of
cancer-related deaths worldwide, histologically divided
into small cell lung cancer and non-small cell lung can-
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NSCLC patients remains unsatisfactory [4]. A majority of
NSCLC patients die from advanced or metastatic disease
[5]. Thus, it is imperative to identify a novel biomarker to
improve the early diagnosis of NSCLC.

Homeobox D cluster (HOXD) genes encode a highly
conserved family of transcription factors that are involved
in controlling cellular and biological processes including
cell cycle, cell proliferation, apoptosis, embryonic devel-
opment, differentiation, and oncogenesis [6]. HOXD9
is one of the HOXD gene located at 2q31 chromosome
region. This gene was initially discovered in the develop-
ment of the forelimb and axial skeleton [7]. Accumulat-
ing evidence has suggested the contribution of HOXD9
in initiation and evolution of tumor. Clinically, elevated
levels of HOXD9 have been detected in various cancers,
such as glioblastomas [8], cervical cancer [9], colorectal
carcinoma [10], gastric cancer [11], hepatocellular car-
cinoma [12], and esophageal squamous cell carcinomas
[13]. Deletion of HOXD9 could inhibit tumor cell prolif-
eration and cause cell cycle G1 arrest, as well as weaken
tumor-forming capacity [10-12, 14]. Moreover, HOXD9
silencing induced apoptosis of tumor cells by activating
the p53 pathway [9]. Recently, HOXD9 was found to be
highly expressed in tumor samples from NSCLC patients
and had a significant negative correlation with patients’
overall survival [15]. Therefore, HOXD9 is proposed to
be a valuable prognostic biomarker for NSCLC. However,
the function of HOXD?9 in the development and progres-
sion of NSCLC remains unknown. We therefore investi-
gated whether HOXD?9 serves a central role in endowing
malignant behaviors of NSCLC cells.

The formation of new blood vessels (angiogenesis) is
required for the growth and metastasis of tumors [16].
Angiopoietin-2 (ANGPT?2) as a key factor of angiogenesis
drives tumor progression [17]. The published data indi-
cated that enhanced expression or high plasma level of
ANGPT?2 in NSCLC was associated with patients’ poor
prognosis [18, 19]. Furthermore, the oncogenic roles of
ANGPT2 were determined in NSCLC [20]. ANGPT2
silencing efficiently inhibited the NSCLC cell A549 pro-
liferation and other malignant behaviors [21]. Besides, a
previous study indicated that ANGPT2 played an addi-
tional role in immune checkpoint therapy via induction
of PD-L1 expression in M2-polarized macrophages [22].
By using JASPAR and PROMO online databases, we
found some potential HOXD9-binding sites in the pro-
moter regions of ANGPT2. Therefore, it was hypoth-
esized that HOXD9 might drive malignant phenotypes
and induce PD-L1 expression in NSCLC cells by regulat-
ing ANGPT2.

In the current study, both gain- and loss-of-function
experiments of HOXD9 were performed to assess its role
in the proliferation, cell cycle and apoptosis of NSCLC
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cells. Furthermore, the effect of HOXD9 on PD-L1
expression in NSCLC cells was investigated.

Materials and methods

Acquisition of gene expression omnibus (GEO) data

The expression data of GSE118370 for HOXD9 were
obtained from the GEO database (http://www.ncbi.nlm.
nih.gov/geo/) to compare the expression of HOXD9
between NSCLC tissues and paired normal lung tissues.

Tissue samples

A total of 30 cases of lung cancer tissues and their cor-
responding paracancerous tissues were collected from
Affiliated Zhongshan Hospital of Dalian University from
August 2021 to August 2022. No patients received radio-
therapy or chemotherapy before surgery. The study pro-
tocol was approved by the medical ethics committee of
Affiliated Zhongshan Hospital of Dalian University. All
tissue samples were obtained with informed consent
from patients.

Cell culture

Human NSCLC cell lines NCI-H661 and NCI-H292,
obtained from iCell Bioscience Inc. (Shanghai, China),
were cultured in RPMI 1640 (Cat No., 31,800, Solar-
bio, Beijing, China) supplemented with 10% fetal bovine
serum (FBS; Cat No., 11,011-8611, Solelybio, Hangzhou,
China). HEK293T cells were purchased from ZQXZ Bio-
technology Co., Ltd., Shanghai, China and incubated in
dulbecco’s modified eagle medium (DMEM; Cat No.,
G4510, Servicebio, Wuhan, China) containing 10% FBS.
All cells were maintained in an incubator at 37 °C with
5% CO,.

Cell transfection

For HOXD9 knockdown, two small interfering RNAs
targeting HOXD9 (siHOXD9*! sense: 5-AGAAAG
AAUUCCUCUUCAA-3; anti-sense: 5-UUGAAGAGG
AAUUCUUUCU-3; siHOXD9" sense: 5-GCUUGA
GCUGGAGAAAGAA-3] anti-sense: 5-UUCUUUCUC
CAGCUCAAGC-3) and their negative control (siNC
sense: 5-UUCUCCGAACGUGUCACGU-3; anti-sense:
5-ACGUGACACGUUCGGAGAA-3) were obtained
from GenePharma Co., Ltd., Shanghai, China. Cell trans-
fection was performed after adherence. NCI-H292 cells
were transfected with siHOXD9 or siNC using Lipo-
fectamine 3000 (Cat No., L3000 008, Invitrogen, Carls-
bad, CA, USA) following the manufacturer’s protocol.
For HOXD9 overexpression, the HOXD9 overexpressing
plasmid (exHOXD9) and empty vector were obtained
from ZQXZ Biotechnology. NCI-H661 or HEK293T cells
were transfected with exHOXD9 or vector using Lipo-
fectamine 3000. To determine whether ANGPT2 was
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involved in HOXD9-mediated pathological mechanisms,
the plasmid expressing ANGPT2 (exANGPT2; ZQXZ
Biotechnology) and siHOXD9 were co-transfected into
NCI-H292 cells using Lipofectamine 3000. The exH-
OXD9 and a small interfering RNA targeting ANGPT2
(siANGPT2 sense: 5-GGAUGGAGACAACGACAA
A-3’; anti-sense: 5’-UUUGUCGUUGUCUCCAUCC-3’)
or its negative control (siNC sense: 5-UUCUCCGAA
CGUGUCACGU-3’; anti-sense: 5-ACGUGACACGUU
CGGAGAA-3’) were co-transfected into NCI-H661 cells
using Lipofectamine 3000.

Cell counting kit-8 (CCK-8) assay

Cells were seeded in a 96-well microplate at a density of
1 x 10* cells/well. After transfection, cells were incubated
at 37 °C with 5% CO, for O h, 24 h, 48 h and 72 h, respec-
tively. Each well was added to 10uL of CCK-8 reagent
(Cat No., KGA317, KeyGene Biotech., Nanjing, China)
to be cultured for 2 h again. Finally, optical density (OD)
value at 450 nm was measured using a microplate reader
to determine cell viability.

5-ethynyl-2’-deoxyuridine (EdU) staining

Cell proliferation assay was performed using a kFluor647
Click-iT EdU Imaging Test Kit (Cat No., KGA335, Key-
Gene Biotech.). Briefly, cells were pulsed with 10 uM
EdU solution and incubated at 37 °C with 5% CO, for
2 h. After fixing with 4% paraformaldehyde for 15 min,
cells were permeabilized with 0.5% Triton X-100 for
20 min, incubated with Click-iT reaction mixture in the
dark for 30 min and counterstained with 4, 6’-diamidino-
2-phenylindole (DAPI) for 5 min, at room temperature.
The images of the cells were photographed using a fluo-
rescence microscope at 400 x magnification. Cell prolif-
eration rate was calculated as the following formulation:
(EdU-positive cells/total cells) x 100%. The number of
EdU-positive cells was counted manually in three ran-
dom microscopic fields.

Correlation analysis

UALCAN (http://ualcan.path.uab.edu/index.html) was a
comprehensive web resource, which provided RNA-seq
and clinical data of various cancer types based on the
cancer genome atlas (TCGA) [23]. TIMER2.0 (http://
timer.cistrome.org/) is a reliable and comprehensive
resource that allows exploring tumor immunological,
clinical and genomic features [24]. In this study, UAL-
CAN and TIMER2.0 were applied to analyze the correla-
tion between genes in NSCLC.

Dual-luciferase assay
HEK293T cells were collected at 90% confluency. Cells
were co-transfected with a pGL3-basic vector containing
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the promoter sequence of homo ANGPT2, pRL-TK-
Renilla luciferase reporter vector and exHOXD9. After
24 h of transfection, cells were lysed and lysed samples
were analyzed for firefly and renilla luciferase activities
by a Dual Luciferase Reporter Gene Assay Kit (Cat No.,
KGAF040, KeyGene Biotech.). Relative luciferase activity
was calculated by normalizing firefly to renilla luciferase
activity.

Enzyme-linked immunosorbent assay (ELISA)

A human PD-L1 ELISA Kit [Cat No., EK1261, Multi-
sciences (Lianke) BioTECH., Hangzhou, China] was used
to detect the soluble PD-L1 level. An antibody specific
for PD-L1 were pre-coated onto the microwells. After
centrifugation, cell supernatants were added to micro-
wells and incubated with streptavidin-HRP, followed by
the coloration of tetramethyl-benzidine reagent. Finally,
the OD value at 450 nm was measured using a microplate
reader.

Real-time polymerase chain reaction (PCR)

Total RNA extraction from cells was performed using a
TRIpure Kit (Cat No., RP1001, Bioteke, Beijing, China).
Complementary DNA (cDNA) was synthesized from
extracted total RNA using BeyoRT II M-MLV reverse
transcriptase (Cat No., D7160L, Beyotime, Shanghai,
China). Afterwards, real time-PCR assay was performed
using cDNA template, primers, SYBR Green (Cat No.,
SY1020, Solarbio), and 2 x Taqg PCR MasterMix (Cat No.,
PC1150, Solarbio). Primers used for real time-PCR were
obtained from Genscript (Piscataway, NJ, USA) and their
sequences were listed as follows: HOXD9, 5-TCCTCC
ACTTCCTTATCCTCC-3 (forward), 5-TCCTCCTTC
AGCGAACAGC-3 (reverse); ANGPT2, 5-GGATTTGGT
AACCCTTCA-3 (forward), 5-ATTCCCTTCCCAGTC
TTT-3 (reverse); GAPDH, 5-GACCTGACCTGCCGT
CTAG-3 (forward), 5-AGGAGTGGGTGTCGCTGT-3
(reverse). Relative expression of gene was determined
by the delta-delta Ct method [25]. GAPDH was used as
a housekeeping gene to normalize expression levels of
genes.

Scratch-wound healing migration assay

Scratch-wound healing experiment was performed to
assess migratory ability of NSCLC cells. A scratch was
made by using a 200 pl-pipette tip on the cell monolayer
in the presence of 1 pg/ml mitomycin C. The wound
healing was monitored at 0 h and 24 h post-scratching
under an inverted phase contrast microscope (magnifica-
tion x 100). The migratory rate was calculated as the ratio
of wound width at 24 h and wound width at O h.
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Transwell matrigel invasion assay

Cell invasive ability was evaluated using a Matrigel-coated
Transwell membrane filter inserts with 8-um pores. Cells
(5x10* in 200 pl of serum-free culture medium) were
seeded in the upper surface of membranes, and allowed to
invade towards the bottoms of 24-well plates containing
800 pl complete growth medium with 10% FBS for 24 h.
After wiping the non-invaded cells with sterile cotton buds,
the invaded cells were fixed with 4% paraformaldehyde for
20 min and then stained with 0.5% crystal violet for 5 min.
The invaded cells were counted under an inverted micro-
scope (magnification x 200) in five random fields.

Western blot

Total protein from cells was isolated in radioimmunopre-
cipitation (RIPA) lysis buffer (Cat No., R0010, Solarbio)
supplemented with 1 mM phenylmethanesulfonyl fluo-
ride (PMSF; Cat No., P0100, Solarbio). The Bicinchoninic
Acid (BCA) Protein Assay Kit (Cat No., PC0020, Solar-
bio) was used to measure the protein concentration of
lysates. Protein was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (8%, 10%, 15% gel),
followed by electrotransfer of proteins from the gel to a
PVDF membrane (Cat No., IPVH00010, Millipore, Bill-
erica, MA, USA). After blocking with 5% (m/v) skim milk
(Cat No., A600669, Sangon Biotech, Shanghai, China),
the membrane was probed with primary antibodies
against HOXD9 (1:1000 dilution, rabbit polyclonal; Cat
No., 20,560-1-AP, ProteinTech, Wuhan, China), cleaved
poly (ADP-ribose) polymerase 1 (PARPI1; 1:500 dilu-
tion, rabbit monoclonal; Cat No., 5625, CST, Danvers,
MA, USA), cleaved caspase-3 (1:1000 dilution, rabbit
monoclonal; Cat No., 9661, CST), cyclin E (1:500 dilu-
tion, rabbit polyclonal; Cat No., AF0144, Affinity Bio-
sciences, Changzhou, China), cyclin B1 (1:1000 dilution,
rabbit monoclonal; Cat No., A19037, ABclonal, Wuhan,
China), ANGPT2 (1:1000 dilution, rabbit monoclonal;
Cat No., A11306, ABclonal), PD-L1 (1:1000 dilution, rab-
bit polyclonal; Cat No., DF6526, Affinity Biosciences)
and GAPDH (1:10,000 dilution, mouse monoclonal; Cat
No., 60,004—1-Ig, ProteinTech) at 4 °C overnight. Sub-
sequently, the membrane was incubated with the cor-
respondingly horseradish peroxidase (HRP)-conjugated
secondary antibodies (1:3000 dilution; Cat No., SE134/
SE131, Solarbio) at 37 °C for 1 h. Protein bands on the
membrane were visualized by enhanced chemilumines-
cence (Cat No., PE0010, Solarbio). GAPDH was used as
an internal control.

Flow cytometry
Cell cycle detection was performed using a Cell Cycle
Analysis Kit (Cat No., C1052, Beyotime). Cells (4 x 10°
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cells/well) were seeded in a 6-well plate. After transfec-
tion, cells were fixed in ethanol (70%) at 4 °C for 12 h,
followed by centrifugation and resuspension in stain-
ing buffer. Cells were then incubated with 25 pL pro-
pidium iodide (PI) and 10 pL RNase A in the dark at
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Fig. 1 HOXD9 is an upregulated gene that predicts worse overall
survival in patients with NSCLC. A HOXD9 mRNA levels in NSCLC and
normal lung tissues obtained from GSE118370 were detected (left).
HOXD9 mRNA levels in 30 paired NSCLC and para-NSCLC tissues from
our independent hospital cohorts were detected via real time-PCR
(right). BHOXD9 protein levels in 10 paired NSCLC and para-NSCLC
tissues from our independent hospital cohorts were detected via
western blot. P, para-NSCLC tissue; C, NSCLC tissue. C The effect of
HOXD9 on the overall survival in NSCLC patients via Kaplan-Meier
Plotter. Patients with NSCLC expressing high HOXD9 levels are labeled
in blue, whereas those with tumors with low HOXD9 levels are shown
in black. ** p < 0.01; *** p<0.001. Data in (A) are presented as mean
values = SD. The blots were cropped and the original uncropped
images of blots were shown in supplementary materials
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37 °C for 30 min. Cell cycle was detected using a Novo-
Cyte flow cytometer. The proportion of cells in each
stage of the cell cycle was quantified by NovoExpress
software. Cell apoptosis was detected using a commer-
cial kit (Cat No., KGA106, KeyGene Biotech.). Briefly,
cells were centrifuged and resuspended in 500 pL bind-
ing buffer. Afterwards, cells were double-stained with
5 puL Annexin V-FITC and 5 pL PI. After incubating in
the dark at 37 °C for 30 min, cell apoptosis was detected
using the NovoCyte flow cytometer. Apoptosis was
analyzed using NovoExpress by dividing the cells into
four quadrants of dot plots as: necrotic cells (Annexin
V~/PIt appearing in Q1 quadrant), late apoptotic cells
(Annexin V*/PI* in Q2 quadrant), viable cells (Annexin
V7/PI” in Q3 quadrant), and early apoptotic cells
(Annexin Vt/PI” in Q4 quadrant). The apoptotic rate
was calculated by adding the percentages of cells pre-
sented in Q2 and Q4 quadrants. For cell surface PD-L1
on lung cancer cell lines, cells centrifuged and resus-
pended in 100 pL phosphate buffer saline. Cells were
then incubated with 0.5 pL FITC anti-human CD274
antibody (Cat No., 374,509, Biolegend, San Diego, CA,
USA) in the dark at 37 °C for 30 min. After centrifuga-
tion, cells were resuspended in 100 pL cell stain buffer
and measured analyzed using flow cytometer.

Statistical analysis

All data were analyzed using GraphPad Prism 8.0 soft-
ware and expressed as meanz=SD. Statistical signifi-
cance among two groups was determined using Student’s
t-test. One-way analysis of variance post hoc Tukey’s test
was used for multi-group comparison. A p<0.05 was
regarded as statistical significance.

Results

HOXD?9 is an upregulated gene that predicts worse overall
survival in patients with NSCLC

We analyzed the expression levels of HOXD9 in NSCLC
tissues using the GEO and our independent hospi-
tal databases. Results revealed that the mRNA levels of

(See figure on next page.)
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HOXD9 were significantly increased in NSCLC sam-
ples when compared with non-NSCLC tissues (normal
lung tissues and para-NSCLC tissues) from GSE1183370
(Fig. 1A, left) and independent hospital cohorts (Fig. 1A,
right). We also examined HOXD9 protein expression
in NSCLC and para-NSCLC tissues from independent
hospital cohorts via western blot, which showed that
HOXD9 protein expression was remarkably increased
in cancer tissues (Fig. 1B). The effect of HOXD9 expres-
sion on the overall survival of patients with NSCLC was
analyzed via Kaplan—Meier Plotter (www.kmplot.com).
Results suggested the worse overall survival in NSCLC
patients with high HOXD9 expression (Fig. 1C).

HOXD?9 drives the malignant biological behaviors in NSCLC
cells

The functional impact of HOXDY9 on cell behaviors
in vitro was assessed. Based on a database from CCLE
(https://sites.broadinstitute.org/ccle), knockdown of
HOXD9 was performed in NCI-H292 cells with relatively
high HOXD9 expression, while HOXD9 overexpression
was conducted in NCI-H661 cells with relatively low
HOXD?9 expression. The use of overexpression plasmid
could effectively upregulated HOXD9 mRNA and pro-
tein expression (Fig. 2A and B). Also, two siRNAs were
designed to silence HOXD9 expression and reduce off-
target effects (Fig. 1A and B). Afterwards, the CCK-8
assay and EdU staining were carried out to evaluate the
ability of cell proliferation. The proliferative ability was
inhibited in NCI-H292 cells after HOXD9 silencing,
whereas highly expressing HOXD9 promoted cell pro-
liferation (Fig. 2C and D). By performing flow cytom-
etry analysis, we found that knocking down HOXD9
induced the population shift to the G1 phase of NCI-
H292 cell lines (Fig. 2E). On the contrary, high expres-
sion of HOXDY decreased the population of cells in G1
phase (Fig. 2E). This indicated that silencing of HOXD9
induced cell-cycle arrest in the G1 phase of NSCLC. We
also observed a significant increase of apoptotic rate in
NCI-H292 cells after HOXD? silencing (Fig. 2F).

Fig. 2 HOXD9 induces proliferation, cell cycle progress and apoptotic inhibition of NSCLC cells. NCI-H661 cells were transfected with HOXD9
overexpressing plasmid (exHOXD9) or empty vector, while NCI-H292 cells were transfected with two small interfering RNAs targeting HOXD9
(sIHOXD9*!, SIHOXD9*2) or none-specific sequence (sINC). A After 48 h of transfection, HOXD9 mRNA expression in two NSCLC cells (NCI-H661

and NCI-H292) was evaluated by real time-PCR assay. B After 48 h of transfection, HOXD9 protein expression in two NSCLC cells was evaluated by
western blot assay. C After 48 h of transfection, NSCLC cells were seeded into 96-well microplates and analyzed with CCK-8 reagents at indicated
time. D After 48 h of transfection, NSCLC cells were subjected into the EdU incorporation assay. The new generation cells were stained via EdU
(red). DAPI stained nuclei in blue. Scale bar=50 um. Quantification of EdU-positive cells was performed to assess cell proliferation. E Cell cycle
progression in two NSCLC cells was evaluated by flow cytometry analysis. F Apoptosis in NCI-H292 cells was evaluated by flow cytometry analysis.
The apoptotic rate was quantified by adding the percentages of early apoptotic cells (Annexin V*/PI~ in Q4 quadrant) and late apoptotic cells
(Annexin V*/PI in Q2 quadrant). G Expression of protein markers involved in apoptosis and cell cycle regulation in NCI-H292 cells was evaluated
by western blot assay. * p <0.05; ** p<0.01; *** p<0.001. Data in (A), (C), (D), (E) and (F) are presented as mean values £ SD. The blots were cropped
and the original uncropped images of blots were shown in supplementary materials


http://www.kmplot.com
https://sites.broadinstitute.org/ccle

He et al. World Journal of Surgical Oncology (2023) 21:93 Page 6 of 13

A 5 B C
& 4 NCI-He61 NCI-H292 15 1 5.NCI-Hee1 NCI-H292 15
< ik = ' NCI-H661  NCI-H292 kDa £ 7 -o-cors;crol —o-confrol :
Z 8- == 2] f‘éiH%B(Dg s | 2=SNSxpos |12
£ l1o HOXD9 ]| : 8 F sHOXDS"
E o6 > 0.9 Lo.9
3 GAPDH| ——— || PR |36 £
S 47 Los S 0.6 0.6

. " 3
T 24 |-:[-| |;| 00\‘ e° O‘I\0 <\\‘ 5\ *0 *09 % 0.3 % Lo.3
2 (. S
=0 0.0 0.0 T T T T T T T 0.0
3 S
3 o q@o\;\oﬁ\o o 6& *0‘5 *09 0 24 48 72 0 24 48 72 (hrs)
(2
D NCI-H661 NCI-H292 BCLicet

control SINC SIHOXD9" __ siHoxpg”  exHOXD9{  HH
vector \l’{i
control H—<

0 20 40 60 80

% of positive cells
% NCL-H292
siHOXD9%% | ———————

SIHOXDQ“‘-j—r
siNC_____ 1

control{
0 10 20 30 40
% of positive cells

control vector exHOXD9

EdU

E NCI-H661 s
1.2 control ’ vector = G2
= <A & 89y o exHOXDS e e |=s
S 0.8 55.52%5 0.8 19470/ = G1
~ 0, (]
0,
§ 04 0.4 19 65%
control % % |{
0.0/ 0.0 *—L 0.0/ T T T T
1052 100 108° 1052 10E 1085 1052 10 1085 0 25 50 75 100 125
Pl PI % of cells
NCI-H292 12 12 12
2 control| - siNC] - sIHOXD9*]| ' siHOXD9% - o G2
_ - 1 siHOXD9%2 HHE oS
S 0.8160.71%g S 0.8 . i = G1
= 22.83% T4.53% $ 06% | SHOXD9*'A HEE
= G2 G2 )
3 04 T6.46% 04 7 ¥ Vo S—
o K
control 4 E H |+
0.0/ 0.0/ 0.0 0.0/ T — T
1052 108 10°5 1053 10° 1085 1052 108 1055 1053 108 1085 0 25 50 75 100 125
F PI PI PI PI % of cells
6.4. 6.4.
10 control 10 siNC G NCI-H292 KD
! a
105Q1 ; Q2 105{Q1 ., Q2
100 105T% 184% . .1081% 1.92% NCI-H292 cleaved PARP1 mamem (89
: 40
10° 10° e cleaved caspase-3 - -—— |17
Q3 % Qf  ja3 ¥ o 2% T GAPDH| wmememem |35
-102893.99% 3.60%| -1028/93.35% 3.82% kel 20
_ : 2 50 4
T 1051?23 10105108 1075 1061A023 10410°10° 1070 & Cyclin 81 mam— = |55
iHOXD9*! iHOXD9" & 0
: S Cyclin E| e « « |47
105{Q1 . Q2] 105 {Q1 o y
1.63% 14.86% 1.56% & [1] |
104 104 0 N @ ) 5T GAPDH| "= e e |36
SO o¥ P N o
10° 10° ¢ O O O o
Q3" Q4 Q3 = F o SOfoF
e . R
-1028|72.16% | _11.34%| -1028/74.00%

1023 10410°10° 1075 10%3 10"10511')5 107%
Annexin V-FITC
Fig. 2 (Seelegend on previous page.)



He et al. World Journal of Surgical Oncology (2023) 21:93

The effect of HOXD9 on migration and invasion of
TSCC cells was further evaluated. By performing the
scratch-wound healing experiment, overexpression
of HOXD9 accelerated wound closure of NCI-H661
cells (Fig. 3A). In addition, the Transwell invasion assay
revealed that highly expressing HOXD9 increased the
number of invading cells in NCI-H661 cells (Fig. 3B). In
line with this, silencing of HOXD9 dampened the migra-
tory ability and invasiveness of NCI-H292 cells (Fig. 3B).
These in vitro data showed that expression of HOXD9
was correlated with the malignant biological behaviors of
NSCLC cells.

ANGPT2 is a direct transcriptional target of HOXD9

By analyzing data from the UALCAN and TIMER data-
bases, we found that expression of HOXD9 had sig-
nificant positive correlation with ANGPT2 in NSCLC
(Fig. 4A). Additionally, two online databases, JASPAR
(https://jaspar.uio.no/) and PROMO (http://alggen.Isi.
upc.es), revealed that HOXD9 may bind to the promoter
region of ANGPT2. Given the above findings, we detected
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the ANGPT?2 expression by real time-PCR and western
blot assays. Results showed that ANGPT2 expression was
significantly upregulated after overexpression of HOXD?9,
yet downregulated after HOXD?9 silencing (Fig. 4B and
C). Results of dual-luciferase reporter assay confirmed
that highly expressing HOXD?9 significantly enhanced the
relative luciferase activity of ANGPT2 (Fig. 4D), indicat-
ing that HOXD9 transcriptionally regulated ANGPT2
expression via binding to ANGPT2 promoter. Moreover,
deletion of fragments from -1890 to -1291 bp reduced
the luciferase activity by ~20%, and deletion of fragments
from -1290 to -691 bp reduced the promoter activity
by ~70%. Such evidence suggested that the HOXD9 may
be a strong binding ability with the sites in the promoter
region (-1290 ~ -691 bp) of ANGPT2 (Fig. 4D).

ANGPT2 is required for HOXD9-mediated malignant
biological behaviors of NSCLC cells

Subsequent experiments were performed to validate
whether ANGPT2 was involved in HOXD9-medi-
ated malignant behaviors of NSCLC cells. ANGPT2

A NCI-H661 NCI-H292 NCL-H661
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Fig. 3 HOXD9 promotes migration and invasion of NSCLC cells. NCI-H661 cells were transfected with exHOXD9 or empty vector, while NCI-H292
cells were transfected with siHOXD9 or siNC. A After 48 h of transfection, the migratory ability of two NSCLC cells (NCI-H661 and NCI-H292) was
evaluated by scratch-wound healing assay. The wound healing was monitored at 0 h and 24 h post-scratching, and the percentage of wound
closure was measured. Scale bar=200 um. B After 48 h of transfection, the invasiveness of two NSCLC cells was assessed by transwell assay. The
invaded cells were counted in five random fields. Scale bar= 100 um. ** p<0.01; *** p<0.001. Data in (A) and (B) are presented as mean values £ SD
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expression was examined via real time-PCR and western
blot analyses. Results revealed that the levels of ANGPT2
mRNA and protein were increased after co-transfection
with siHOXD9 and exANGPT2 into NCI-H292 cells,
while the ANGPT?2 levels were decreased in NCI-H661
cells co-transfection with exHOXD9 and siANGPT2
(Fig. 5A and B). Following functional experiments sug-
gested that overexpression of ANGPT2 weakened
HOXD9 silencing-induced proliferative inhibition, cell
cycle arrest, apoptosis, migratory suppression and inva-
sive repression in NCI-H292 cells (Figs. 5C-E and 6A,
B). In line with this, ANGPT2 knockdown blocked the

HOXD9 overexpression-mediated malignant biological
behaviors of NCI-H661 cells (Figs. 5C, D and 6A, B).

HOXD?9 has the ability to stimulate PD-L1 expression

in NSCLC cells

PD-L1 on the cell membrane helps tumor cells to evade T
cell-mediated immune surveillance via binding to PD-1 on
T cells [26]. High expression of PD-L1 in NSCLC is impli-
cated in poor clinical outcomes [27]. Firstly, we evaluated
the effect of HOXD9 on PD-L1 expression in NSCLC cells.
Results of western blot assay suggested that the PD-L1
protein level was significantly increased in two NSCLC
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were cropped and the original uncropped images of blots were shown in supplementary materials

cell lines after HOXD9 overexpression, yet decreased after
HOXD?9 silencing (Fig. 7A). As an important immune
checkpoint molecule, PD-L1 has a soluble form and a
membrane-bound form [28]. By performing the ELISA and
flow cytometry analyses, we found that the overexpres-
sion of HOXD?9 not only increased membrane PD-L1 level,
but also induced the release of soluble PD-L1 from NCI-
H292 and NCI-H661 cells (Fig. 7B and C). Knockdown of
HOXD?9 resulted in the opposite alteration (Fig. 7B and C).

ANGPT2 blocks the suppression of PD-L1 expression

by HOXD9 in NSCLC cells

With the aim to assess whether ANGPT2 was required
for HOXD9-induced PD-L1 upregulation, exANGPT2 or
its negative control was co-transfected into NCI-H292
cells with siHOXD?9. Results revealed that forced expres-
sion of ANGPT?2 significantly enhanced total (Fig. 8A)
and membrane (Fig. 8B) PD-L1 expression in HOXD9-
silenced NCI-H292 cells.
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Discussion

Previously clinic research suggested that HOXD9 level
was highly expressed in the cancerous tissues from
NSCLC patients [15]. This means that high HOXD9
expression might be associated with the development of
NSCLC. Aberrant expression of HOXD9 was proven to
play critical roles in carcinogenesis. HOXD9 expression
was elevated in several types of cancers, such as glioblas-
tomas, cervical cancer, colorectal carcinoma, gastric can-
cer, hepatocellular carcinoma and esophageal squamous
cell carcinomas [8-13]. Moreover, HOXD9 silencing
induced apoptosis, inhibited proliferation, cell cycle pro-
gress, migration and invasion of these tumor cells [8-13].
Consistent with the reported oncogenic role of HOXD9
in other cancers, our study suggested that knockdown
of HOXD9 induced proliferative suppression, cell cycle
arrest, apoptosis, migratory suppression and invasive
repression in two human NSCLC cells. The echino-
derm microtubule-associated protein-like 4-anaplastic
lymphoma kinase (EML4-ALK) gene rearrangement or
epidermal growth factor receptor (EGFR) activating
mutations has been shown to drive lung tumorigenesis

[29, 30]. However, data from clinical trials showed that
NSCLC patients carrying the active EGFR or ALK muta-
tion poorly responded to anti-PD-1/PD-L1 immuno-
therapy [31]. By using two NSCLC cells (NCI-H292 and
NCI-H661) with EGFR and ALK wild-type, we found
that the PD-L1 expression was reduced after HOXD9
silencing. Our study manifests a pivotal role of HOXD9
in the malignant biological behaviors of NSCLC cells, and
indicates a potential value of HOXD9 in immunotherapy.
However, the effect of HOXD9 on tumor microenviron-
ment, and whether HOXD9 acts as a specific molecular
for targeted therapy of NSCLC need further exploration.
The cell cycle is a complex event involving cells growth
and cell division [32]. Dysregulation of G1 cell cycle pro-
gression leads to tumor cell proliferation [33]. A previous
study indicated that knockdown of HOXD9 increased
the number of cells at the G1 phase by downregulating
expression of the G1 checkpoint-related genes [14]. Fur-
thermore, HOXD?9 inhibition could enhance the expres-
sion of p53 [9], a key player in the cell cycle for repairing
DNA damage [34]. In our study conducted in two NSCLC
cells, we found that silencing of HOXD?9 induces the G1
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phase arrest, as well as reduced the expression of G1/S-
specific cyclin E and G2/M-specific cyclin B1. Our data
revealed the association of HOXD9 with cell cycle pro-
gression in NSCLC.

In addition to its role in the cell cycle, HOXD9 was
demonstrated to suppress apoptosis of tumor cells [8,
9]. Functional analysis in human gliomas suggested that

A B

HOXD?9 deletion induced apoptosis via downregulation
of anti-apoptotic factor B-cell lymphoma-2 (BCL-2) and
upregulation of tumor necrosis factor-related apopto-
sis-inducing ligand (TRAIL) [8]. Moreover, caspase-3/7
activity was shown to be elevated in HOXD9-silenced
glioma cells [8]. Hence, HOXD?9 inhibition could trig-
ger caspase-3 activation and subsequent programmed
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Fig. 8 ANGPT2 blocks the suppression of PD-L1 expression by HOXD9 in NSCLC cells. NCI-H292 cells were co-transfected with siHOXD9 and
exANGPT2 or empty vector. A After 48 h of transfection, total PD-L1 protein expression in NCI-H292 cells was evaluated by western blot assay. B
After 48 h of transfection, membrane PD-L1 protein expression in NCI-H292 cells was evaluated by flow cytometry analysis. MFI, relative mean
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were shown in supplementary materials
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cell death through increasing mitochondrial membrane
permeability [35]. It was documented that cleavage of
PARP1 by caspase-3 resulted in its inactivation, thereby
inhibiting DNA repair and promoting apoptosis [36]. In
this study, silencing of HOXD9 enhanced the expres-
sion of cleaved caspase-3 and cleaved PARP1 in NSCLC
cells, identifying the anti-apoptotic function of HOXD9
in NSCLC.

HOXD?9 has been shown to promote cancer develop-
ment via transcriptional activation of oncogenes, such
as RUN and FYVE domain containing 3 (RUFY3), Snail
family transcriptional repressor 1 (SNAI1), Sodium
channel epithelial 1a subunit (SCNN1A) and Hemicen-
tin 1 (HMCN1) [11, 37-39]. By performing dual-lucif-
erase reporter assay, we identified that ANGPT2 was a
novel target of HOXD9 in NSCLC cells. It is generally
believed that ANGPT2, as an antagonist of ANGPTI,
competitively binds to its specific tyrosine kinase
receptors-2 (Tie-2) receptors and blocks the vascular-
stabilizing effect of Ang-1, leading to sustained neovas-
cularization in tumor tissues [40]. Previous studies have
revealed that ANGPT2 expression is elevated in various
tumors, such as lung cancer [41], breast cancer [42],
and gastric cancer [43]. High expression of ANGPT2
promotes tumor angiogenesis, growth, invasion and
metastasis [44]. More importantly, blocking ANGPT2
can effectively improve cancer immunotherapy [45].
Therefore, intervention targeting the ANGPT?2 is con-
sidered as one of the therapeutic measures for tumors.
In the present study, we noted that abnormal expres-
sion of ANGPT?2 significantly regulated HOXD9-medi-
ated malignant biological behaviors of NSCLC cells and
PD-L1 upregulation. Hence, these results indicate that
contribution of HOXD?9 in lung tumorigenesis may be
associated with ANGPT2.

In summary, our findings demonstrate that HOXD9
induces cell proliferation, cell cycle progression, apop-
tosis suppression, migration and invasion, as well as
enhances PD-L1 expression of NSCLC cells via trans-
activation of ANGPT2. These indicate that HOXD9
may function as an oncogene in NSCLC. However,
a limitation of the current study is the lack of in vivo
data. Additional experiments with animal models will
be needed in future studies. In addition, it is necessary
to evaluate clinicopathological correlation between
HOXD9 expression and NSCLC patients in further
studies to support our conclusion.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512957-023-02969-z.

[ Additional file 1. }

Page 12 of 13

Acknowledgements
Not applicable.

Authors’ contributions

Jiabei He: Conceptualization, Methodology, Investigation, Formal analysis,
Writing-Original Draft; Mengjia Jiang: Methodology, Investigation; Jing Liu:
Methodology, Investigation; Ruiping Zhu: Validation; Weipeng Lv: Validation;
Ruiging Lian: Validation; Yang Yang: Resources; Ruoyu Wang: Supervision, Writ-
ing-Review & Editing. The author(s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the medical ethics committee of
Affiliated Zhongshan Hospital of Dalian University. All tissue samples were
obtained with informed consent from patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 5 May 2022 Accepted: 27 February 2023
Published online: 13 March 2023

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Arnold M RM, Lam F, Bray F, Ervik M, Soerjomataram I. ICBP SURVMARK-2
online tool: International Cancer Survival Benchmarking. Lyon, France:
International Agency for Research on Cancer. 2019 Available from: http://
gco.arcfr/survival/survmark.

3. SaH,Song P MaK,GaoY, Zhang L, Wang D. Perioperative Targeted
Therapy Or Immunotherapy In Non-Small-Cell Lung Cancer. Onco Targets
Ther. 2019;12:8151-9.

4. YangT, Xiong Y, Zeng Y, Wang Y, Zeng J, Liu J, et al. Current status of
immunotherapy for non-small cell lung cancer. Front Pharmacol.
2022;13:989461.

5. Reck M, Garassino MC, Imbimbo M, Shepherd FA, Socinski MA, Shih JY,
et al. Antiangiogenic therapy for patients with aggressive or refractory
advanced non-small cell lung cancer in the second-line setting. Lung
Cancer. 2018;120:62-9.

6. Holland PW. Evolution of homeobox genes. Wiley Interdiscip Rev Dev
Biol. 2013;2(1):31-45.

7. Fromental-Ramain C, Warot X, Lakkaraju S, Favier B, Haack H, Birling C,
et al. Specific and redundant functions of the paralogous Hoxa-9 and
Hoxd-9 genes in forelimb and axial skeleton patterning. Development.
1996;122(2):461-72.

8. Tabuse M, Ohta S, OhashiY, Fukaya R, Misawa A, Yoshida K, et al. Func-
tional analysis of HOXD9 in human gliomas and glioma cancer stem cells.
Mol Cancer. 2011;10:60.

Hirao N, Iwata T, Tanaka K, Nishio H, Nakamura M, Morisada T, et al. Tran-
scription factor homeobox D9 is involved in the malignant phenotype

of cervical cancer through direct binding to the human papillomavirus
oncogene promoter. Gynecol Oncol. 2019;155(2):340-8.


https://doi.org/10.1186/s12957-023-02969-z
https://doi.org/10.1186/s12957-023-02969-z
http://gco.iarc.fr/survival/survmark
http://gco.iarc.fr/survival/survmark

He et al. World Journal of Surgical Oncology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

(2023) 21:93

Liu M, Xiao Y, Tang W, Li J, Hong L, Dai W, et al. HOXD9 promote epithelial-
mesenchymal transition and metastasis in colorectal carcinoma. Cancer
Med. 2020;9(11):3932-43.

. ZhuH, DaiW, Li J, Xiang L, Wu X, Tang W, et al. HOXD9 promotes the

growth, invasion and metastasis of gastric cancer cells by transcriptional
activation of RUFY3. J Exp Clin Cancer Res. 2019;38(1):412.

Lv X, LiL, LvL, Qu X, JinS, Li K et al. HOXD9 promotes epithelial-mesen-
chymal transition and cancer metastasis by ZEB1 regulation in hepatocel-
lular carcinoma. J Exp Clin Cancer Res. 2015;34:133.

Liu DB, Gu ZD, Cao XZ, Liu H, Li JY. Immunocytochemical detec-

tion of HoxD9 and Pbx1 homeodomain protein expression in Chi-

nese esophageal squamous cell carcinomas. World J Gastroenterol.
2005;11(10):1562-6.

Hayashi S, Iwata T, Imagawa R, Sugawara M, Chen G, Tanimoto S, et al.
Transcription Factor Homeobox D9 Drives the Malignant Phenotype

of HPV18-Positive Cervical Cancer Cells via Binding to the Viral Early
Promoter. Cancers (Basel). 2021;13(18):4613.

Pernia O, Sastre-Perona A, Rodriguez-Antolin C, Garcia-Guede A,
Palomares-Bralo M, Rosas R, et al. A Novel Role for the Tumor Suppres-
sor Gene ITF2 in Tumorigenesis and Chemotherapy Response. Cancers
(Basel). 2020;12(4):786.

Cavallaro U, Christofori G. Molecular mechanisms of tumor angiogenesis
and tumor progression. J Neurooncol. 2000;50(1-2):63-70.

Wang LH, Tsai HC, Cheng YC, Lin CY, Huang YL, Tsai CH, et al. CTGF pro-
motes osteosarcoma angiogenesis by regulating miR-543/angiopoietin 2
signaling. Cancer Lett. 2017,391:28-37.

Tanaka F, Ishikawa S, Yanagihara K, Miyahara R, Kawano Y, Li M, et al.
Expression of angiopoietins and its clinical significance in non-small cell
lung cancer. Cancer Res. 2002;62(23):7124-9.

Zhou L, Lan H, Zhou Q, Yue J, Liu B. Plasma angiopoietin-2 is persistently
elevated after non-small cell lung cancer surgery and stimulates angio-
genesis in vitro. Medicine (Baltimore). 2016;95(32):e4493.

Lin CY, Cho CF, Bai ST, Liu JP, Kuo TT, Wang LJ, et al. ADAM9 promotes lung
cancer progression through vascular remodeling by VEGFA, ANGPT2, and
PLAT. Sci Rep. 2017;7(1):15108.

Qiu LW, Chen JR, Yang XL, Fang M, Zheng WJ, Dong ZZ, et al. Abnormal
expression of angiopoietin-2 associated with invasion, metastasis and
prognosis of lung cancer. Zhonghua Yi Xue Za Zhi. 2018;98(16):1261-6.
Wu X, Giobbie-Hurder A, Liao X, Connelly C, Connolly EM, Li J, et al. Angi-
opoietin-2 as a Biomarker and Target for Immune Checkpoint Therapy.
Cancer Immunol Res. 2017;5(1):17-28.

Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, Shovon AR, Athar M,
et al. UALCAN: An update to the integrated cancer data analysis platform.
Neoplasia. 2022;25:18-27.

LiT, FuJ, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for analysis of
tumor-infiltrating immune cells. Nucleic Acids Res. 2020;48(W1):W509-14.
Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods.
2001;25(4):402-8.

Zhang W, Jin J,Wang Y, Fang L, Min L, Wang X, et al. PD-L1 regulates
genomic stability via interaction with cohesin-SAT in the nucleus. Signal
Transduct Target Ther. 2021;6(1):81.

Pawelczyk K, Piotrowska A, Ciesielska U, Jablonska K, Gletzel-Plucinska

N, Grzegrzolka J, et al. Role of PD-L1 Expression in Non-Small Cell Lung
Cancer and Their Prognostic Significance according to Clinicopathologi-
cal Factors and Diagnostic Markers. Int J Mol Sci. 2019;20(4):824.
Takeuchi M, Doi T, Obayashi K, Hirai A, Yoneda K, Tanaka F, et al. Soluble
PD-L1 with PD-1-binding capacity exists in the plasma of patients with
non-small cell lung cancer. Immunol Lett. 2018;196:155-60.

Qin Z,Sun H, Yue M, Pan X, Chen L, Feng X, et al. Phase separation of
EML4-ALK in firing downstream signaling and promoting lung tumori-
genesis. Cell Discov. 2021;7(1):33.

Venugopalan A, Lynberg M, Cultraro CM, Nguyen KDP, Zhang X, Waris

M, et al. SCAMP3 is a mutant EGFR phosphorylation target and a tumor
suppressor in lung adenocarcinoma. Oncogene. 2021;40(18):3331-46.

Yu S, Liu D, Shen B, Shi M, Feng J. Immunotherapy strategy of EGFR
mutant lung cancer. Am J Cancer Res. 2018;8(10):2106-15.

Wenzel ES, Singh ATK. Cell-cycle Checkpoints and Aneuploidy on the
Path to Cancer. In Vivo. 2018;32(1):1-5.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 13 of 13

Foster DA, Yellen P, Xu L, Sagcena M. Regulation of G1 Cell Cycle Progres-
sion: Distinguishing the Restriction Point from a Nutrient-Sensing Cell
Growth Checkpoint(s). Genes Cancer. 2010;1(11):1124-31.

Williams AB, Schumacher B. p53 in the DNA-Damage-Repair Process. Cold
Spring Harb Perspect Med. 2016;6(5):a026070.

Tsujimoto Y, Nakagawa T, Shimizu S. Mitochondrial membrane
permeability transition and cell death. Biochim Biophys Acta.
2006;1757(9-10):1297-300.

Mashimo M, Onishi M, Uno A, Tanimichi A, Nobeyama A, Mori M, et al. The
89-kDa PARP1 cleavage fragment serves as a cytoplasmic PAR carrier to
induce AlF-mediated apoptosis. J Biol Chem. 2021;296:100046.

Lin LF, Li YT, Han H, Lin SG. MicroRNA-205-5p targets the HOXD9-Snail1
axis to inhibit triple negative breast cancer cell proliferation and chem-
oresistance. Aging (Albany NY). 2021;13(3):3945-56.

Chang J, Hu X, Nan J, Zhang X, Jin X. HOXD9induced SCNNTA upregula-
tion promotes pancreatic cancer cell proliferation, migration and predicts
prognosis by regulating epithelialmesenchymal transformation. Mol Med
Rep. 2021;24(5):819.

Wen D,Wang L, Tan S, Tang R, Xie W, Liu S, et al. HOXD9 aggravates the
development of cervical cancer by transcriptionally activating HMCN1.
Panminerva Med. 2022;64:532-36.

Bupathi M, Kaseb A, Janku F. Angiopoietin 2 as a therapeutic target in
hepatocellular carcinoma treatment: current perspectives. Onco Targets
Ther. 2014;7:1927-32.

Naumnik W, Naumnik B, Niewiarowska K, Ossolinska M, Chyczewska E.
Angiogenic axis angiopoietin-1 and angiopoietin-2/Tie-2 in non-small
cell lung cancer: a bronchoalveolar lavage and serum study. Adv Exp
Med Biol. 2013;788:341-8.

Imanishi Y, Hu B, Jarzynka MJ, Guo P, Elishaev E, Bar-Joseph |, et al.
Angiopoietin-2 stimulates breast cancer metastasis through the alpha(5)
beta(1) integrin-mediated pathway. Cancer Res. 2007;67(9):4254-63.
Hacker UT, Escalona-Espinosa L, Consalvo N, Goede V, Schiffmann L,
Scherer SJ, et al. Evaluation of Angiopoietin-2 as a biomarker in gastric
cancer: results from the randomised phase IIl AVAGAST trial. Br J Cancer.
2016;114(8):855-62.

Oliner J, Min H, Leal J, Yu D, Rao S, You E, et al. Suppression of angiogen-
esis and tumor growth by selective inhibition of angiopoietin-2. Cancer
Cell. 2004;6(5):507-16.

Schmittnaegel M, Rigamonti N, Kadioglu E, Cassara A, Wyser Rmili C,
Kiialainen A, et al. Dual angiopoietin-2 and VEGFA inhibition elicits antitu-
mor immunity that is enhanced by PD-1 checkpoint blockade. Sci Trans|
Med. 2017;9(385):eaak9670.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Homeobox D9 drives the malignant phenotypes and enhances the Programmed death ligand-1 expression in non-small cell lung cancer cells via binding to Angiopoietin-2 promoter
	Abstract 
	Introduction
	Materials and methods
	Acquisition of gene expression omnibus (GEO) data
	Tissue samples
	Cell culture
	Cell transfection
	Cell counting kit-8 (CCK-8) assay
	5-ethynyl-2’-deoxyuridine (EdU) staining
	Correlation analysis
	Dual-luciferase assay
	Enzyme-linked immunosorbent assay (ELISA)
	Real-time polymerase chain reaction (PCR)
	Scratch-wound healing migration assay
	Transwell matrigel invasion assay
	Western blot
	Flow cytometry
	Statistical analysis

	Results
	HOXD9 is an upregulated gene that predicts worse overall survival in patients with NSCLC
	HOXD9 drives the malignant biological behaviors in NSCLC cells
	ANGPT2 is a direct transcriptional target of HOXD9
	ANGPT2 is required for HOXD9-mediated malignant biological behaviors of NSCLC cells
	HOXD9 has the ability to stimulate PD-L1 expression in NSCLC cells
	ANGPT2 blocks the suppression of PD-L1 expression by HOXD9 in NSCLC cells

	Discussion
	Anchor 28
	Acknowledgements
	References


