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Background: Lung cancer has some of the highest morbidity and mortality worldwide among cancers,
with non-small cell lung cancer (NSCLC) accounting for 85% of lung cancer diagnoses. Severe pulmonary
hemorrhage (PH) is a serious potential adverse event in the treatment of lung cancer with bevacizumab.
Significant clinical differences have been observed between patients with lung adenocarcinoma (LUAD) and
those with lung squamous cell carcinoma (LUSC) after bevacizumab treatment; however, the underlying
causes is unclear and requires further study.

Methods: First, tumor tissues from LUAD and LUSC patients were stained with antibodies targeting CD31
and CD34 to assess the difference in microvessel density (MVD). Tube formation assays were performed using
HMEC-1 cells cocultured with lung cancer cells. Single-cell sequencing data obtained from lung cancer tissues
were then downloaded and analyzed to identify differentially expressed genes related to angiogenesis in LUAD
and LUSC tumors. Real-time polymerase chain reaction, immunofluorescence analysis, small interfering RNA
analysis, and enzyme-linked immunosorbent assay were performed to clarify the underlying causes.

Results: The MVD of LUAD tissues was higher than that of LUSC tissues. Additionally, endothelial
cells cocultured with LUAD cells had a higher MVD than did those cocultured with LUSC cells. Although
bevacizumab mainly targets vascular endothelial growth factor (VEGF), the expression of VEGF in LUSC
and LUAD cells was not significantly different (P>0.05). Further experiments showed that interferon
regulatory factor 7 (IRF7) and interferoninduced protein with tetratricopeptide repeats 2 (IFIT2) were
differentially expressed between LUSC and LUAD tumors. Higher IRF7 levels and lower IFIT?2 levels
in LUAD tumors were associated with higher MVD in LUAD tissues, which may be responsible for the
different hemorrhage outcomes after bevacizumab treatment.

Conclusions: Our data indicated that IRF7 and IFIT2 may account for the differential hemorrhage
outcomes in patients with NSCLC after bevacizumab treatment, revealing a new mechanism underlying

bevacizumab-induced pulmonary hemoptysis.
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Introduction

Lung cancer is among the cancers with the highest morbidity
and mortality in the world (1). There are approximately
2 million new lung cancer cases and 1.76 million lung cancer
deaths per year. Lung cancers can be classified as non-small
cell lung cancer (NSCLC; 85% of total diagnoses) and
small cell lung cancer (SCLC; 15% of total diagnoses) (2).
However, approximately 70% of patients with NSCLC are
already in advanced disease stages at the time of their first
diagnosis, and these patients have a poor 5-year survival,
with only 10-20% surviving past this period (3).

Traditional radiation therapy and chemotherapy strategies
are usually unable to meet therapeutic expectations (4). In
recent years, molecular targeted therapy and immunotherapy
have substantially improved patient survival (5-9).
Bevacizumab, a recombinant humanized anti-vascular
endothelial growth factor (VEGF) monoclonal antibody,
is one of the most important targeted drugs for a range of
advanced cancers with poor prognosis, including NSCLC
(10,11). However, in a phase II clinical study, Margolin ez /.
found that bevacizumab treatment in patients with advanced
NSCLC caused a substantial adverse reaction in the form
of bleeding, which was more common in patients with lung
squamous cell carcinoma (LUSC) than in those with lung
adenocarcinoma (LUAD) (12); furthermore, based on the
pivotal E4599 study, bevacizumab has only been approved
for patients with nonsquamous NSCLC (13).

Previous studies have suggested that hemoptysis caused
by bevacizumab is related to anatomical characteristics.

Highlight box

Key findings

* The microvessel density (MVD) of lung adenocarcinoma (LUAD)
tissues was higher than that of lung squamous cell carcinoma
(LUSC) tissues. Higher IRF7 levels and lower IFIT2 levels in
LUAD tumors were associated with a higher MVD in LUAD
tissues, which may be responsible for the different hemorrhage

outcomes after bevacizumab treatment.

What is known and what is new?

* Significant clinical differences have been observed between LUAD
and LUSC after bevacizumab treatment.

® [RF7 and IFIT2 may account for different hemorrhage outcomes
in patients with non-small cell lung cancer.

What is the implication, and what should change now?
®  The substantial hemoptysis caused by bevacizumab treatment can
be prevented via targeting IRF7 and IFIT2 in patients with LUSC.
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For example, LUSC is commonly thought to occur in
the central airway, in which the pulmonary artery or
branches are prone to rupture, with a high probability of
substantial hemoptysis when tumors invade (14). However,
in a prospective phase II trial involving patients with lung
cancers at high risk of hemoptysis, Hellmann ez 4/. evaluated
the safety of adjuvant bevacizumab following neoadjuvant
chemotherapy and complete surgical resection. They
observed no instances of hemoptysis of any grade in patients
with central tumors (15). Another study similarly found that
no clinical or radiological features (including cavitation and
central tumor location) could be used to reliably predict
severe pulmonary hemorrhage in bevacizumab-treated
patients (16). In a retrospective study involving 536 patients
with pulmonary malignancy, Salajka er 4l. reported that the
incidence of hemoptysis was similar between patients with
central tumors and those with peripheral tumors. They
also suggested that the occurrence of bleeding was related
to the histological type of tumor and the tumor size (17).
However, in a recent case-control study of risk factors
for hemoptysis, multivariate analysis revealed that prior
thoracic radiotherapy, the presence of tumor exposure in
the central airway, and concomitant radiotherapy were risk
factors for hemoptysis (18). This finding suggests that the
substantial hemoptysis that occurs during bevacizumab
treatment is not simply related to anatomical factors.
However, the reasons for the substantial clinical differences
between patients with LUSC and those with LUAD receiving
bevacizumab treatment are unclear. Additionally, there is no
consensus on the correlation between microvessel density
(MVD) and bleeding. Based on the evaluation of MVD,
Tordache et 4l. found a clear correlation between angiogenic
parameters and the risk of upper gastrointestinal bleeding in
patients with gastric cancer (19). In contrast, some scholars
believe that tumors with sufficient MVD do not exhibit
activation of the hypoxia-induced signaling pathway and
remain sensitive to chemotherapy and radiotherapy. The
lack of involvement of such signaling pathways may lead
to reduced tumor invasiveness. A low MVD is associated
with higher tumor aggressiveness, resulting in higher
levels of vascular infiltration and hemorrhage (20,21).
In this study, we found that LUAD tumors had a higher
MVD than did LUSC tumors. No significant difference
in VEGF expression was observed between LUSC- and
LUAD-associated endothelial cells. In addition, we found
that there was strong heterogeneity between LUAD and
LUSC endothelial cells. Moreover, IFIT2 and IRF7 were
highly enriched in epithelial cells of NSCLC tumors, and
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Table 1 Baseline characteristics of the study cohort

Variable Total cohort (n=36)
Age (years) 62.9+7.9
Sex
Male 27 (75.0)
Female 9 (25.0)
Pathology
LUSC 18 (50.0)
LUAD 18 (50.0)
Differentiation
Low 14 (38.9)
Moderate 18 (50.0)
Well 4(11.1)
Stage
I 8(22.2)
I 14 (38.9)
M 12 (33.3)
v 2 (5.6)
TNM
T1 13 (36.1)
T2 13 (36.1)
T3 7 (19.5)
T4 3(8.3)
NO 22 (61.1)
N1 5(13.9)
N2 9 (25.0)
MO 34 (94.4)
M1 2 (5.6)

Data are expressed as number of patients (percentage) or mean
+ SEM. LUAD, lung adenocarcinoma; LUSC, lung squamous cell
carcinoma; SD, standard deviation; TNM, tumor-node-metastasis.

these two genes may underlie the differential hemorrhage
outcomes in patients with NSCLC after bevacizumab
treatment. These findings may provide new insights into
the causes underlying bevacizumab-induced pulmonary
hemoptysis. We present the following article in accordance
with the MDAR and ARRIVE reporting checklists (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-23-
389/rc).
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Methods
Patients

Tumor tissues from 18 patients with LUSC and 18 patients
with LUAD were obtained from the Affiliated Hospital of
Jiangnan University (Wuxi, China). The pathophysiological
information is displayed in 7able 1. The study was approved
by the Clinical Research Ethics Committees of Affiliated
Hospital of Jiangnan University (No. LS2021019),
and written informed consent was obtained from all
patients. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Cell culture

All cells were grown at 37 °C with 5% CO, in a humidified
environment. HMEC-1 cells were grown in extracellular
matrix (ECM). A549 cells and H358 cells were grown in
high glucose Dulbecco’s Modified Eagle Medium (DMEM)
with 10% fetal bovine serum (FBS) and 1% penicillin/
streptomycin. H2170 cells, H1703 cells, H1299 cells, and
H226 cells were grown in RPMI 1640 with 10% FBS and
1% penicillin/streptomycin. Cells were confirmed to be
mycoplasma free and were passaged no more than 18 to
25 times after thawing.

Immunobistochemistry

Tissue samples were fixed by immersion in 4%
paraformaldehyde overnight at 4 °C, embedded in regular
paraffin wax, and cut into 4-pm sections. Sections were
boiled in sodium citrate buffer (pH 6.0) for antigen
retrieval, and endogenous peroxidase activity was blocked
via incubation with 0.3% hydrogen peroxide. Sections
were washed with 10% phosphate-buffered saline (PBS)
and marked with a peroxidase-antiperoxidase (PAP) pen.
After being blocked with 10% goat serum, the sections
were incubated with primary antibodies against CD31 and
CD34 for 12 h at 4 °C. Finally, the samples were incubated
with peroxidase-conjugated streptavidin. The images were
developed by incubating the slides for several minutes
with diaminobenzidine, and nuclei were counterstained
with hematoxylin. The subsequent steps were performed
using the EnVision FLEX High pH 9.0 Visualization
System (Dako). All slides were independently evaluated
by 2 pathologists. Microvessels clearly separated from
adjacent brown-staining endothelial cells or endothelial cell
clusters, tumor cells, and other connective-tissue elements
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Table 2 Primer sequences

2025

Gene Forward primer (5'-3') Reverse primer (5'-3")

VEGF GAGGAGCAGTTACGGTCTGTG TCCTTTCCTTAGCTGACACTTGT
VEGFA GAGGGCAGAATCATCACGA TGTGCTGTAGGAAGCTCATCTC
ISG15 CGCAGATCACCCAGAAGATCG TTCGTCGCATTTGTCCACCA
LY6E CAGCTCGCTGATGTGCTTCT CAGACACAGTCACGCAGTAGT
IFI35 AACAAAAGGAGCACACGATCA CTCCGTTCCTAGTCTTGCCAA
TXNIP GGTCTTTAACGACCCTGAAAAGG ACACGAGTAACTTCACACACCT
IFIT2 AAGCACCTCAAAGGGCAAAAC TCGGCCCATGTGATAGTAGAC
IRF7 ATATCTCACGTGACCGAGGA AGCTGATGGTGCTGGAAGTC
S100A8 ATGCCGTCTACAGGGATGAC ACTGAGGACACTCGGTCTCTA
p-actin AGTGTGACGTGGACATCCGCAAAG ATCCACATCTGCTGGAAGGTGGAC

VEGF, vascular endothelial growth factor; VEGFA, vascular endothelial growth factor A; ISG15, interferon stimulated gene 15; LY6E,
lymphocyte antigen 6; /FI35, interferon-induced protein 35; TXNIP, thioredoxin interacting protein; IFIT2, interferon-induced protein with
tetratricopeptide repeats 2; IRF7, interferon regulatory factor 7; ST00A8, S100 calcium binding protein A8.

were considered single, countable microvessels. We took
photos and assessed the 3 areas with the highest MVD in
each section under a 100x field of vision. All counts were
performed simultaneously by 2 investigators (Y Yin and L
Huang) using a light microscope, and both had to agree on
what constituted a single microvessel before any vessel was
included in the count.

Total RNA extraction and quantitative real-time
polymerase chain reaction

Total RNA was extracted from cells using TRIzol reagent.
Complement DNA (¢cDNA) was synthesized with a
PrimeScript RT Reagent KIT (Vazyme China), quantitative
real-time polymerase chain reaction (QRT-PCR) analyses
were carried out to detect messenger RNA (mRNA)
expression using SYBR Premix Ex Taq (Cwbio China), and
B-actin was used as an internal control. Primer sequences
are shown in 7able 2.

Western blot analyses

Proteins were separated on a 10% sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gel
and then transferred to polyvinylidene fluoride (PVDF)
membranes. After being blocked with 5% nonfat milk, the
membrane was incubated with mouse anti-/VEGF and rabbit
B-actin monoclonal antibodies. A peroxidase-conjugated
anti-rabbit antibody was used as the secondary antibody,
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and the membranes were visualized with enhanced
chemiluminescence.

Enzyme-linked immunosorbent assay

A549, 1299, H358, H2170, H226 and H1703 cells (1x10°)
were resuspended and plated in 24-well plates with 300 pL
of complete medium, and the supernatant was collected
after 3 days. Enzyme-linked immunosorbent assays
(ELISA) were performed to evaluate the expression level
of VEGF using ELISA kits (mlBio China) according to the

manufacturer’s instructions.

Immunofluorescence

Cell slides were placed in 6-well plates and seeded with the
appropriate amount ofA549, H1299, H2170 and H226 cells
overnight. After different treatments, the cells were washed
3 times with PBS, fixed with 4% paraformaldehyde for
20 minutes, and then blocked with 10% normal goat serum
in PBS for 30 minutes at room temperature (RT). The next
day, the cells were incubated with fluorescent secondary
antibody for 1 hour at RT, stained with DAPI-containing
mounting medium, and finally observed with a fluorescence

microscope (#BX53F; Olympus).

Tube formation assay

Ice-cold phenol red Matrigel (300 pL) was added to a 24-well
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plate using a chilled pipet tip and incubated for 3 hours at
37 °C. HMEC-1 cells were cocultured with tumor cells for
72 hours. After coculture, the cells were washed twice with
PBS and resuspended to 1x10°/mL with serum-free ECM
medium in a 24-well plate. The cells were observed for
24 hours. Capillary tube formation was quantified by
counting the number of pixels from 3 randomly selected
fields in each well under microscopy (100x).

Angiogenesis in vivo

A total of 16 six-week-old BALB/c male mice were
purchased from the Shanghai Laboratory Animal Center,
kept in a constant temperature specific pathogen-free (SPF)
environment, and randomly divided evenly into 2 groups. All
animal experiments were performed under a project license
(No. 20211115c¢0240130) granted by committee board of
Jiangnan University, in compliance with Jiangsu province
guidelines for the care and use of animals. A protocol was
prepared before the study without registration. A total of
4x10° H2170 or H1299 cells and 1x10° HMEC-1 cells were
mixed 1:1 with Matrigel and supplemented with 30 units of
heparin and 150 ng of basic fibroblast growth factor (bFGF)
in a total volume of 0.5 mL and then subcutaneously injected
into both flanks of mice. Two weeks later, when the tumor
had grown to 1 cm’, the mice were killed for data collection.
The tumors were fixed with 4% paraformaldehyde,
embedded in paraffin, sectioned, and then stained with
hematoxylin and eosin. For quantitative analysis, the MVD
in the tumor was counted in 3 independent fields from 3
sections (22).

Quality control, cell-type clustering, and major cell-type
identification

We obtained single-ell sequencing data from lung cancer
tissues according to a recent study (23). A total of 42 samples,
including 22 LUSC samples, 18 LUAD samples, and 2
NSCLC samples, were examined in this study. Finally, data
acquired from 90,406 cells were obtained for downstream
analysis. To assign 1 of the 9 major cell types to each
cluster, we scored each cluster according to the normalized
expression of its canonical markers, and the highest scored
cell type was assigned to each cluster. Cancer cell clusters
were negative for normal lung epithelial markers and
positive for epithelial cellular adhesion molecule (EpCAM).
The clusters assigned to the same cell type were grouped
together for the subsequent analysis. Through preliminary

© Journal of Thoracic Disease. All rights reserved.

exploratory detection of differentially expressed genes
(DEGsS) in each cell cluster, combined with literature
research, 9 major cell types were selected, and the DEGs
were identified using the FindMarkers function in the
“Seurat” package of R software (The Foundation for
Statistical Computing).

Functional envichment analyses

The following cutoff threshold values were used to screen
for the DEGs: adjusted P value <0.01, percentage difference
>10, and average log fold change (FC) >0.5. Gene set
enrichment analysis (GSEA) was used to detect which gene
set was significantly enriched in each specific cell cluster.
Only gene sets with false-discovery rate (FDR) P values
<0.05 were assessed.

Transfection

The following duplex small interfering RNAs
(siRNAs) were purchased from RiboBio: si-IRF7-1:
5'-GAGC TGCACGTTCCTATA-3"; si-IRF7-2:
5'-TCGAGTGCTTCCTTATGGA-3"; si-IFIT2-1:
5'-GACTGGCAATAGCAAGCTA-3"; si-IFIT2-2:
5'-GCAACCTACTGGCCTATCT-3. 1x10° HMEC-1
cells were seeded in 6-well culture plates, and siRNAs were
transfected into cells using Lipofectamine 2000 (Thermo
America) according to the manufacturer’s instructions on
the next day.

Statistical analyses

GraphPad Prism 8.0 software (GraphPad Software Inc.)
was used to test data with a normal distribution, and the
homogeneity of variance was determined. The data are
expressed as the mean = the standard error of the mean
(SEM) and were analyzed with Student 7 test (2 groups)
or 1-way analysis of variance (ANOVA) with Tukey post
hoc test (more than 2 groups). The data with skewed
distributions were tested using nonparametric tests. The
results with a P value <0.05 were considered statistically
significant.

Results
LUAD tumors bad a bigher MVD than did LUSC tumors

Bevacizumab plays a pivotal role in the treatment of
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Figure 1 Microvessel density was higher in LUAD tumors than in LUSC tumors. (A) Representative electron microscopy images of
microvessel densities of LUAD tumors (upper) and LUSC tumors (lower) with CD31, CD31 was stained with horseradish peroxidase (HRP).
(B) Representative electron microscopy images of microvessel densities of LUAD tumors (upper) and LUSC tumors (lower) with CD34,
CD34 was stained with HRP. (C) Quantification of microvessel density with CD31 staining of LUAD and LUSC tumors from image A;
*P<0.05. (D) Quantification of microvessel density with CD34 staining of LUAD and LUSC tumors from image B; ***P<0.0001. LUAD,

lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MVD, microvessel density.

advanced lung cancer, but in patients with LUSC, it often
causes substantial hemoptysis. Since bevacizumab directly
targets VEGF to inhibit tumor angiogenesis, we compared
the differences in MVD between LUAD and LUSC by
staining CD31 and CD34 (Figure 1A4,1B). We found that
LUAD tumors (CD31: mean + SEM =18.44+8.33; CD34:
mean = SEM =22.89+12.49) had a higher MVD than did
LUSC tumors (CD31: mean + SEM =11.78+6.70; CD34:
mean + SEM =10.89+5.44) (CD31: P=0.0143; CD43:
P<0.0001) (Figure 1C,1D), suggesting that a higher MVD
may contribute to less hemorrhage in certain clinical
situations.

© Journal of Thoracic Disease. All rights reserved.

LUAD cells promoted angiogenesis more effectively than
did LUSC cells

To further investigate the effect of LUAD and LUSC on
angiogenic morphology, we used a tube formation assay
in which capillary-like tubular structures resembling
microvascular networks could be observed on Matrigel.
We first assessed the effects of LUSC and LUAD cells
on the capacity of HMEC-1 cells to form tubes using a
coculture assay. As expected, tube formation assays showed
that LUAD cells could promote endothelial cells to form
more capillary tubes than could LUSC cells (LUAD: mean

7 Thorac Dis 2023;15(4):2022-2036 | https://dx.doi.org/10.21037/jtd-23-389
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Figure 2 LUAD cells promoted angiogenesis more efficiently than did LUSC cells. (A) After 24 h three microscopic fields, selected at

random, were photographed (using a 200x magnification) and the numbers of tube-like cells were counted. Representative images of
HMEC-1 cells cocultured with different types of A549, H1299, H2170, H226 cells. (B) Representative electron microscopy images of
microvessel densities of LUAD (upper) and LUSC (lower) cells with CD31 and HE staining. (C) Quantification of tube formation of

HMEC-1 cells from image A. (D) Quantification of microvessel density with CD31 staining of LUAD and LUSC tumors from image B.

*P<0.05, **P<0.01, ***P<0.001, ns, not significant. LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MVD, microvessel

density; HE, hematoxylin-eosin.

+ SEM =30.3320.47; LUSC: mean + SEM =12.33+1.25;
Figure 2). Furthermore, we performed in vivo experiments
by subcutaneously injecting a mixed solution containing
H1299 and H2170 cells, endothelial cells, Matrigel, and
various growth factors into BALB/c mice. Consistent with
the in vitro experiments, tumors injected with LUAD cells
showed a higher MVD than did those injected with LUSC
cells (LUAD: mean + SEM =19.85+0.31; LUSC: mean +
SEM =5.12+0.27 for LUSC; P<0.01; Figure 2).

Expression of VEGF was not significantly different between
LUSC and LUAD cells

We next explored the reasons for the difference in
MVD between the LUSC and LUAD tumors. VEGF is
currently recognized as one of the most relevant targets
for angiogenesis, and bevacizumab is an antagonist of
VEGF. We analyzed whether the difference in MVD
was caused by the different levels of VEGF secreted from

© Journal of Thoracic Disease. All rights reserved.

tumor cells after acting on endothelial cells. Thus, we first
detected the expression of VEGF in A549, H1299, H358,
H2170, H226 and H1703 cells using Western blotting
(Figure 34), qRT-PCR (Figure 3B), ELISA (Figure 3C), and
immunofluorescence (Figure 3D). We found that there was
no significant difference in the expression of VEGF between
LUSC and LUAD cells. These results suggested that VEGF
expression in NSCLC tumor cells has no effect on the
difference in angiogenesis.

Bioinformatic analysis indicated the beterogeneity of gene
expression between LUAD and LUSC

We next investigated the DEGs in endothelial cells
from LUAD and LUSC tumors. Lung cancer single-cell
sequencing data were obtained from a recent study (23).
The 42 samples in this study included 22 LUAD, 18 LUSC
and 2 NSCLC samples with accurately defined pathological
types. After the final quality control, we obtained data

7 Thorac Dis 2023;15(4):2022-2036 | https://dx.doi.org/10.21037/jtd-23-389
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Figure 3 The expression of VEGF was not significantly different between LUSC and LUAD cells. (A) The protein levels of VEGF were
determined with Western blot assays in NSCLC cell lines, with B-actin protein serving as an internal control. (B) Relative mRINA expression
of VEGF in NSCLC cells. (C) The expression of VEGF in NSCLC cells supernatant according to ELISA. (D) The expression of VEGF in
NSCLC cells was detected using immunofluorescence. NS, not significant. VEGE vascular endothelial growth factor; NSCLC, non-small

cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; ELISA, enzyme linked immunosorbent assay; DAPI,

4,6-diamino-2-phenylindole.

regarding 24,666 LUAD cells, 57,774 LUSC cells. And
7447 other types (Figure 44). We clustered these cells
into 9 groups according to their marker genes, including
clusters of immune cells, stromal cells, and epithelial cells
(Figure 4B,4C). The results showed that there was a high
degree of heterogeneity between LUAD and LUSC in
the composition of cells in the tumor microenvironment,
especially malignant epithelial cells and endothelial cells.
Next, we identified the DEGs in malignant epithelial
cells and endothelial cells in LUAD and LUSC tumors.
Furthermore, the GSEA results based on the 3 data
sets suggested that many signaling pathways related to
angiogenesis were significantly enriched (Figure 4D,4E),
including the interferon-a response, KRAS signaling
up, and P53 signaling pathways. Finally, we analyzed the
signaling pathway between LUSC and LUAD through

© Journal of Thoracic Disease. All rights reserved.

the DEGs (Figure 4F4G), the data showed that there were
significant differences in signaling pathways between the
two groups.

IRF7 and IFIT2 were differentially expressed in LUSC
and LUAD cells

We subsequently searched for the DEGs involved in these
pathways according to the frequency of occurrence in each
pathway, and in combination with a review of the literature,
the results indicated the angiogenesis-related genes for
subsequent analyses. The selected genes are shown in
Figure 5A. To further verify these candidate genes in tumor
endothelial cells, we cocultured LUAD and LUSC cell lines
with HMEC-1 cells and verified that interferon regulatory
factor 7 (IRF7) was upregulated in endothelial cells
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Figure 5 IRF7 and IFIT2 were differentially expressed in LUSC and LUAD cells. (A) Relative expression of genes associated with
angiogenesis in HMEC-1 cells cocultured with A549, H1299, H2170, H226, H1703 cells at 37 °C for 72 h. (B,C) Volcano plot showing the
differentially expressed genes between LUAD and LUSC tumors in endothelial or epithelial cells. *P<0.05, **P<0.01. ISGIS5, interferon
stimulated gene 15; LY6E, lymphocyte antigen 6; [FI35, interferon-induced protein 35; TXNIP, thioredoxin interacting protein; [FIT2,
interferon-induced protein with tetratricopeptide repeats 2; IRF7, interferon regulatory factor 7; SI00A48, S100 calcium binding protein A8;

LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; FC, fold change.

cocultured with LUAD cells and that interferoninduced
protein with tetratricopeptide repeats 2 (IFIT2) was
upregulated in endothelial cells cocultured with LUSC
cells (Figure 5A4). A volcano plot also showed that among
these candidate genes, IFIT2 and IRF7 were enriched in the
epithelial cells of NSCLC tumors. These results suggested
that the 2 genes may play an important role in angiogenesis
(Figure 5B,5C). Therefore, we focused on these 2 genes in
the subsequent investigations.

IRF7 and IFIT?2 regulated the tube formation of HMIEC-1

cells

IRF7 is the most important nuclear transcription
factors regulating type-I interferon (IFN) production in
mammals (24). [FIT?2 is an interferon-stimulated gene with
well-established antiviral activity but limited mechanistic
understanding (25). In order to determine whether the
microvascular differences between LUAD and LUSC were

© Journal of Thoracic Disease. All rights reserved.

caused by IRF7 and IFIT2, we used 2 small interference
sequences to knockdown IRF7 and IFIT2 (Figure 6A4,6B).
Then, HMEC-1 cells transfected with these small
interferences were spread on Matrigel for ring formation
evaluation (Figure 6C). We found that IRF7 knockdown
significantly inhibited the ring formation of HMEC-1 cells,
whereas IFIT2 knockdown promoted the ring formation
of HMEC-1 cells. Taken together, these data suggest that
the difference in the expression of IRF7 and IFIT?2 in the
microvasculature leads to the difference in MVD between
the LUSC and LUAD tumors.

Bevacizumab promoted the effects of IRF7 and IFIT2 on
angiogenesis

To explore whether bevacizumab regulates the expression
of IRF7 and IFIT2 in endothelial cells as well as the

angiogenesis of lung cancer cells, bevacizumab was added
to HMEC-1 cells cocultured with H1299 and H2170 cells.

7 Thorac Dis 2023;15(4):2022-2036 | https://dx.doi.org/10.21037/jtd-23-389
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qRT-PCR, real time quantitative PCR; siRINA, small interfering RNA; NC, normal control.

As shown in Figure 7A, after bevacizumab treatment (26),
HMEC-1 cells cocultured with H1299 cells formed more
rings than did those cocultured with H2170 cells (H1299
cell culture mean + SEM =22.33+1.25; H2170 culture:
mean = SEM =9.67+1.70; P=0.03). Although the expression
of VEGF and VEGFA in HMEC-1 cells was downregulated,
there were no statistically significant differences between
the 2 groups (Figure 7B,7C). Interestingly, after the addition
of bevacizumab, IRF7 and IFIT?2 levels in HMEC-1 cells
cocultured with H1299 and H2170 cells changed even more
strikingly than did those in the noncoculture group (Figure
7D,7E). We speculate that bevacizumab could further
enhance the effect of these 2 genes on angiogenesis.

Discussion

In recent years, the prevalence of lung cancer has increased

© Journal of Thoracic Disease. All rights reserved.

rapidly in China (1,27), and traditional radiotherapy
and chemotherapy have been unable to meet treatment
expectations. The emergence of bevacizumab has provided
a new treatment strategy for lung cancer. Several studies
(28,29) have shown that bevacizumab-based therapy may
lead to longer survival and significantly prolonged disease
remission in patients with advanced NSCLC. However,
patients with LUSC are prone to massive hemoptysis during
bevacizumab treatment. Due to this serious side effect,
bevacizumab has limited use in patients with LUSC. In this
study, we explored the causes underlying the differences
in hemoptysis in patients with LUSC and LUAD after
bevacizumab treatment.

First, we found that LUSC tumors showed lower
angiogenesis than LUAD tumors, which was further
confirmed by in vitro and in vive experiments. VEGF is a key
regulator of angiogenesis. Therefore, we aimed to explore

7 Thorac Dis 2023;15(4):2022-2036 | https://dx.doi.org/10.21037/jtd-23-389
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Figure 7 Bevacizumab promoted the effects of IRF7 and IFIT2 on angiogenesis. (A) After 24 h three microscopic fields, selected at random,

were photographed (using a 200x magnification) and the numbers of tube-like cells were counted. Representative images of HMEC-1 cells

on Matrigel that were treated with bevacizumab and cocultured with different types of H1299 and H2170 cells. (B-E) Relative expression
of VEGE, VEGFA, IRF7, and IFIT2 in HMEC-1 cells treated with bevacizumab and cocultured with H1299 cells and H2170 cells. *P<0.05,
**P<0.01, ***P<0.001, ****P<0.0001, ns, not significant. IRF7, interferon regulatory factor 7; IFIT2, interferoninduced protein with

tetratricopeptide repeats 2; VEGF, vascular endothelial growth factor; VEGFA, vascular endothelial growth factor A.

the differences in VEGF expression between LUSC and
LUAD tumors, but no significant difference was observed.
We then downloaded single-cell sequencing data
obtained from patients with NSCLC and investigated the
pathways and genes related to angiogenesis. The results,
combined with the experimental verification, indicated
that IRF7 was highly expressed in the endothelial cells
of LUAD tumors and that IFIT2 was highly expressed
in the endothelial cells of LUSC tumors. Simons et a/.
reported that IRF3 and IRF7 mediate neoangiogenesis
through inflammatory cytokines (30). Lai et a/. showed that
IFIT2 depletion promotes angiogenesis in metastatic oral
squamous cell carcinoma cells (31). These results, all of
which are consistent with the observations of study, suggest
that JRF7 promotes angiogenesis and that [FI72 inhibits
angiogenesis. Our functional evaluations also showed that
IRF7 knockdown reduced the number of vascular loops
and decreased lumen integrity, whereas knockdown of
IFIT?2 increased the number of vascular loops and improved
lumen integrity. Moreover, bevacizumab treatment further

© Journal of Thoracic Disease. All rights reserved.

promoted the effects of IRF7 and IFIIT2 on angiogenesis in
lung cancer. Taken together, these results suggest that the
difference in the expression of IRF7 and IFIT2 may affect
the angiogenesis of LUSC and LUAD tumors.
Investigations of patients with LUSC who are prone to
massive hemoptysis after treatment with bevacizumab have
mainly focused on macroscopic aspects such as anatomy.
In this study, for the first time, we explored the DRGs
in tumor endothelial cells in patients with LUSC and
LUAD using single-cell sequencing analysis. A differential
expression of IRF7 and IFIT2 was observed in LUSC and
LUAD cells and was associated with low MVD in LUSC
tissue and less blood supply inside the tumor. It is generally
believed that MVD is positively correlated with the risk
of bleeding. Dansin et a/. collected the clinical data of
222 patients with NSCLC treated with bevacizumab to
explore potential associations between bleeding events
and baseline and disease characteristics. It was found that
the overall bleeding rate of noncentral tumors was higher
than that of central lung cancer, whereas the incidence of

7 Thorac Dis 2023;15(4):2022-2036 | https://dx.doi.org/10.21037/jtd-23-389
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bleeding grade >3 was lower (32). According to the 2004
World Health Organization (WHO) classification, LUSC is
mainly a central-type lung cancer that occurs in the trachea
and bronchus, and approximately 65% of LUAD cases are
the peripheral type (33). Synthesizing these finding’s with
our results, we hypothesized that due to the differential
expression of IRF7 and [FIT2, LUAD has a higher MVD
and overall bleeding risk. In addition, due to the abundant
blood supply, there is a lower risk of intratumoral cavitation
and fatal hemorrhage.

Moreover, some researchers believe that tumors with
sufficient MVD do not exhibit activation of hypoxia-
induced signaling pathways; therefore, they remain sensitive
to chemotherapy and radiotherapy, and the lack of such
signaling may lead to reduced tumor invasiveness. Similarly,
low MVD is associated with higher tumor aggressiveness,
which causes a greater degree of vascular infiltration and
leads to bleeding. Our study suggests that the difference
in the expression of IRF7 and IFIT2 in the endothelium
of LUSC and LUAD tumors causes the difference in
MVD between these 2 tumor types. After bevacizumab
treatment, the effect of IRF7 and IFIT2 on angiogenesis is
further amplified, reducing tumor angiogenesis in LUSC,
decreasing vascular stability, increasing tissue hypoxia, and
increasing the incidence of hemoptysis.

In this study, we identified the differential expression
of IRF7 and IFIT2 in the endothelium of LUSC and
LUAD tumors and showed that bevacizumab may affect
angiogenesis by enhancing the effect of IRF7 and IFIT2.
However, the molecular mechanisms by which IRF7 and
IFIT?2 participate in and regulate angiogenesis-related
pathways and mediate angiogenesis after bevacizumab
treatment remain unclear. Our findings clarify the important
roles of IRF7 and IFIT?2 in angiogenesis-related pathways.
Thus, we can prevent the substantial hemoptysis caused by
bevacizumab treatment by targeting the levels of IRF7 and
IFIT? in patients with LUSC. Overall, this study can help
improve clinical treatment strategies for these patients.

Conclusions

The MVD of LUAD tissues was higher than that of
LUSC tissues. Higher IRF7 levels and lower IFIT?2 levels
in LUAD tumors were associated with a higher MVD in
LUAD tissues, which may be responsible for the different
hemorrhage outcomes after bevacizumab treatment.

© Journal of Thoracic Disease. All rights reserved.
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