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Abstract—Studies on the bronchial vascular bed have revealed that the number of blood 
vessels in the lamina propria and under the mucosa of the lung tissue increases in patients 
suffering from mild to severe asthma. Thus, in this study, a new strategy was employed in 
respiratory system disorders by angiogenesis inhibition in an ovalbumin (OVA)-induced 
rat model of asthma. Twenty-one male Wistar albino rats, 8 weeks old, were randomly 
divided into three groups (n = 7 in each group), including (1) control group, (2) OVA-
treated group, and (3) OVA + Bmab (bevacizumab drug). On days 1 and 8, 1 mg of OVA 
and aluminum hydroxide in sterile phosphate-buffered saline (PBS) were intraperitoneally 
injected to rats in groups 2 and 3. The control group was only subject to intraperitoneal 
injection of saline on days 1 and 8. One week after the last injection, the rats (groups 2 
and 3) were exposed to OVA inhalation for 30 min at 2-day intervals from days 15 to 25. 
After sensitization and challenge with OVA, the OVA + Bmab group (group 3) were treated 
with a 5 mg/kg bevacizumab drug. Genes and protein expression of IL-1β and TNF-α 
and the expression of vascular endothelial growth factor (VEGF) protein were assessed 
by real-time PCR and immunohistochemistry respectively, in lung tissue. OVA exposure 
increased mucosal secretion and inflammatory cell populations in lung tissue and OVA-
specific IgE level in serum. Also, VEGF and cytokine factor expression were significantly 
elevated in the OVA-induced asthma model (p ≤ 0.05). However, rats in OVA + Bmab 
group showed significantly a decrease in VEGF and IL-1β and TNF-α genes as well as 
proteins (p ≤ 0.05). The results showed that bevacizumab efficiently diminished bronchial 
inflammation via downregulation of VEGF expression, followed by inflammatory cells 
population and cytokines reduction. Angiogenesis inhibition in rats with induced asthma 
not only suppresses the inflammatory process through blocking VEGF expression but also 
inhibits the development of new blood vessels and progressing asthmatic attacks.
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INTRODUCTION

Respiratory disease, which is commonly associated 
with lung disease, includes a group of diseases that inter-
feres with the function of the lungs by involving differ-
ent parts of the respiratory tract. Respiratory disease can 
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sometimes be caused by damage to the pleural membrane, 
the pleural cavity, or the muscles and nerves of the res-
piratory tract. Lung disease may involve the airways, lung 
tissues, or blood vessels [1, 2]. A combination of these 
disorders is commonly seen in many respiratory illnesses. 
In general, respiratory diseases can be divided into the 
following groups: pulmonary obstructive pulmonary dis-
ease [3], lung restrictive diseases [4], pulmonary vascular 
disease [5], and other diseases. Asthma is a very common 
disease that involves a complex interaction of environ-
mental factors, airflow obstruction, high bronchial blood 
pressure, and inflammation [6, 7]. The most significant 
feature of clinical symptoms is the contraction of smooth 
muscles and inflammation, which result in the narrowing 
of the airways and obstruction. Bronchial obstruction, 
including respiratory infections, allergic reactions, irri-
tants, exercise, and non-steroidal anti-inflammatory drugs 
can occur by countless stimuli [8].

Persistent inflammation in the airways can lead to 
structural changes, including mucosal prolapse, smooth 
muscle hyperplasia, subepithelial fibrosis, proliferation of 
blood vessels, and infiltration of inflammatory cells. Cur-
rently, several mechanisms implicated in airway inflamma-
tion are presumed to be involved in bronchial microcircula-
tion changes in asthma [9]. The changes are vasodilation, 
increased blood flow, angiogenesis, and increased vas-
cular permeability. This structural change occurs usually 
in inflammation, yet little is known about the functional 
significance of bronchial vascular remodeling in asthma 
[10]. Anti-angiogenesis therapy represents one of the most 
significant advances in clinical oncology [11]. Bevaci-
zumab is known as a monoclonal antibody against vas-
cular endothelial growth factor (VEGF) [12]. Therefore, 
VEGF is a basic angiogenic factor involved in both normal 
physiological processes, such as embryonic development 
and wound healing, and diseases such as cancer. Bevaci-
zumab is a recombinant humanized full-length monoclo-
nal antibody with six VEGF-binding residues that bind to 
VEGF, preventing VEGF from binding to its target, namely, 
VEGFR-1 and VEGFR-2, on endothelial cells that obstruct 
angiogenesis by blocking VEGF isoforms. However, it was 
initially used to treat metastatic colorectal cancer intrave-
nously. The efficiency profile of bevacizumab is comparable 
to ranibizumab, but its economic usefulness is more being 
a cost-effective replacement [13, 14]. Bevacizumab binds 
to VEGF ligands and decreases tumor angiogenesis; it can 
down the rate of tumor growth, thereby improving quality 
of life and survival for patients suffering from cancer [15]. 
It efficiently diminishes bronchial inflammation by reducing 

the expression of VEGFR2 and anti-inflammatory cytokine 
(IL-10). Regarding the effectiveness of bevacizumab, it 
seems that the clinical therapeutic usefulness of anti-IL-5 
or anti-IL-5-producing cells in asthma/allergy treatment 
remains to be an intriguing possibility[16]. Nearly four 
decades ago, the strategy of stopping tumor growth and 
metastasis by blocking tumor angiogenesis was proposed 
by Judah Folkman [17]. Anti-angiogenesis therapy inhibits 
tumor growth and restrains metastasis by cutting the fuel 
supply and destroying the circulating pathway for the tumor 
cells by blocking tumor angiogenesis [18]. Recent studies 
have demonstrated an increased airway mucosal blood flow 
by dilatation of resistance arteries and increased number 
of vessels in airways of asthma [19–21]. In addition, most 
inflammatory mediators cause bronchial vasodilation in ani-
mal models [22–26]. It is also postulated that the increase in 
bronchial microcirculation and airway blood flow amplifies 
inflammatory responses by acting as a gateway to the sub‐
epithelium for inflammatory cells, although some reports 
have claimed that increased airway blood flow may play 
a role in removing inflammatory mediators from airways 
[27, 28]. Moreover, the increase in the number and size of 
vessels can contribute to the thickening of the airway wall, 
which in turn may lead to critical narrowing of the bron-
chial lumen, as bronchial smooth muscle contraction occurs 
[28–30]. Hence, in the present study, the effect of bevaci-
zumab on asthma was investigated in rat models through 
analyzing goblet cell population, leukocytes in bronchoal-
veolar lavage fluid (BALF), and cell migration focusing on 
angiogenesis marker, VEGF, and inflammatory cytokines 
IL-1β and TNF-α.

MATERIALS AND METHODS

Preparation of Animal Model and Study 
Groups

Twenty-one male Wistar albino rats, 8  weeks 
old, weighing between 250 and 300 g, were purchased 
from Pasteur Institute, Tehran, Iran. The animals were 
kept under controlled conditions at 22 °C, with 45% 
humidity, 12-h light cycles, and free access to food, 
water, and libitum. The study procedures were per-
formed according to the Ethical Committee of Azad 
University. The ethical code assigned for this study was 
IR.IAU.K.REC.1398.088. Ovalbumin grade V (OVA), 
aluminum hydroxide, and other compounds were pur-
chased from Sigma Chemicals, St Louis, USA. All 
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animals were randomly divided into three groups (n = 7 
in each group), including (1) control group, (2) OVA-
treated group, and (3) OVA + Bmab (bevacizumab drug). 
Sensitization and challenge instructions relevant to work-
ing with rats were performed as previously described [31] 
(Fig. 1). Aluminum hydroxide solution (Aldrich, Mil-
waukee, WI) was diluted in saline buffer and incubated 
with OVA (grade V; Sigma, St. Louis, MO) overnight. 
On days 1 and 8, 1 mg of OVA and 200 mg of aluminum 
hydroxide (Aldrich, Milwaukee, WI) in 0.5 mL sterile 
phosphate-buffered saline (PBS) were intraperitoneally 
injected into rats in groups 2 and 3. The control group was 
only subject to intraperitoneal injection of saline on days 
1 and 8. One week after the last injection, the rats (groups 
2 and 3) were exposed to OVA inhalation for 30 min at 
2-day intervals from days 15 to 25.

Drug Treatment

After preparation of asthma rat models through 
OVA exposure protocols, the OVA + Bmab group (group 
3) were treated with 2.5 mg/kg bevacizumab drug (Avas-
tin, Roche 25 mg/mL, Basel, Switzerland) diluted in 9% 
NaCl solution to a final concentration of 5 mg/mL [32]. 
Two days after the end of the study, the rats were eutha-
nized with ketamine/xylazine and blood samples were 
collected, and their lung tissues were isolated for further 
examinations.

Gene Expression Evaluation of IL‑1β 
and TNF‑α

The quantitative expression of IL-1β and TNF-α 
genes was evaluated in lung tissues obtained from all 
three study groups of rats by Real-Time PCR System 
(Applied Biosystems, Warrington, UK). To this end, 

total RNA from lung tissues was extracted by TRIzol 
reagent (Invitrogen, Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to the manufacturer’s 
protocols, and subject to RNase-free DNase treat-
ment. Then, RNA samples were transcribed by using a 
reverse transcriptase enzyme, and cDNAs were applied 
to qPCR. The primers designed for detecting IL-1β and 
TNF-α gene expression were represented in Table 1. 
The real-time PCR program employed in all processes 
was defined as follows: 2 min at 50 °C and 10 min at 
95 °C, followed by 40 two-step cycles comprising of 
95 °C for 15 s and 60 °C for 60 s. Finally, the relative 
gene expression was examined through the 2 − ΔΔCt 
method. Each assay was run in triplicate.

Immunohistochemistry of IL‑1Β, TNF‑α, 
and VEGF

The lung tissues obtained from all three study 
groups of rats were steeped with buffered formalin in 
PBS, pH 7.2, and then infused in formalin at 4 °C over-
night. After the fixation period, the lung tissues were 
embedded in paraffin. Six-micrometer sections of tissues 

Fig. 1  Effects of Bmab on OVA-induced asthmatic rats. The schematic protocol of the study. Bmab, Bevacizumab; OVA, ovalbumin.

Table 1  The Primers Used to Detect IL-1β and TNF-α Expression

Gene Primer sequence (5′––3′)

IL‑1β-F TGT GAC TGG TGG GAT GAT GA
IL‑1β-R GTT CTG TCT ATT GAG GTG GAGA 
TNF‑α‑F GAG ATG TGG AAA TGG CAG AGGA 
TNF‑α‑R GAG AAG ATG ATG TGA GTG TGAGG 
GAP‑R CAT ACT CAG CAC CAG CAT CACC 
GAP‑F AAG TTC AAC GGC ACA GTC 

AAGG 
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were prepared, deparaffinized, and dehydrated. The 
samples were incubated in 50% formamide solution and 
2 × standard sodium citrate buffer at 65 °C for 2 h and then 
incubated twice in 100 mM of sodium borate (pH = 8.5). 
The samples were blocked with 0.4% Triton X-100 in 
PBS and 10% goat serum for 30 min. Next, the sections 
were incubated with monoclonal primary antibodies in 
PBS containing 0.05% Tween-20 and 1% BSA at 4 °C 
overnight. The five used primary antibodies were against 
IL-1β (rabbit anti-IL-1β; 1:100, Abcam, Cambridge, UK), 
TNF-α (rabbit anti-TNF-α; 1:100, Abcam, Cambridge, 
UK), and VEGF (Rabbit anti-VEGF; 1:100, Abcam, 
Cambridge, UK). Afterward, the samples were washed 
with PBS and exposed to FITC-conjugated secondary 
antibodies (goat anti-rabbit; 1:200, Abcam, Cambridge, 
UK) diluted in the PBS at 37 °C for 90 min in the dark. 
DAPI was used for nuclear staining. The samples were 
visualized under a light microscope (Olympus, Japan) at 
400 × magnification. FITC expression was measured by 
ImageJ software based on nuclear staining, indicating a 
positive reaction for the desired markers.

Periodic Acid–Schiff Staining and Goblet Cell 
Population

To detect the histopathological changes indicat-
ing inflammation such as the hyperplasia goblet cells in 
lung tissues affected by OVA treatment, the PAS staining 
was used on formalin-fixed tissue sections. In brief, the 
coverslips containing the hydrated tissue sections were 
immersed in 0.5% periodic acid solution for 2 min and 
then rinsed in tap water for 5 min. Next, the coverslips 
were placed in Schiff reagent for 30 min and again washed 
with tap water for 15 min. To differentiate the diagnosis, 
the tissues were stained with Harris hematoxylin solution 
(Sigma-Aldrich, Germany) for 6 min and washed with tap 
water for 5 min. Finally, the tissues were dehydrated and 
mounted using a mounting medium. The samples were 
examined under a light microscope (Olympus, Japan) 
at 100 × and 400 × magnification, and the PAS-positive 
goblet cells were counted measured by ImageJ software 
based on nuclear staining.

Differential Cell Counting in BALF

To evaluate the inflammatory cell population, the 
lung tissues were removed from the sacrificed animals 
and prepared for differential cell count as described by 

Yang et al. [33]. Briefly, left lungs were washed thrice 
with 1 ml saline, and the lavages were pooled (mean 
volume, 2.0 ± 0 ml). The retrieved volume of BAL was 
centrifuged immediately at 3000  rpm for 10  min at 
4 °C. Then, cell pellets were resuspended and washed 
twice in PBS. The differential cell count was performed 
with Wright-Giemsa staining by two operators blind to 
the groups. The results are expressed as the total cell 
number ×  105.

Measurement of Serum OVA‑Specific IgE

To analyze the level of OVA-specific IgE in serum, 
blood samples were collected from rats by cardiac punc-
ture. Whole blood was centrifuged and the serum samples 
were collected. VA-specific IgE was determined by an 
enzyme-linked immunosorbent assay (ELISA) kit based 
on manufacturer protocol (R&D Systems, Inc., Minne-
apolis, MN, USA). Absorbance was measured at 450 nm 
using a plate reader (BioTek ELx800, USA).

Statistical Analysis

There were 7 animals (n = 7) per group, and speci-
mens were taken from all 21 animals for each assay. All 
experiments, including real-time PCR, IHC, PAS, cell 
counting, and ELISA, were conducted at least 3 times. 
The analysis of the resulting data was performed using 
GraphPad Prism version 6.0. The results were represented 
as the mean ± standard deviation. Statistical differences 
were analyzed using one-way ANOVA and Tukey post 
hoc test. The p < 0.05 was considered significant.

RESULTS

Goblet Cell Population
Goblet cell population decreased significantly in 

airways after treatment with bevacizumab compared 
to the asthma group (p < 0.05). Meanwhile, goblet cell 
hyperplasia was observed in rats treated with OVA in the 
asthmatic model (Fig. 2 A and B).

Gene Expression of Cytokines in Lung Tissue

The gene expression of IL-1β and TNF-α cytokines 
was evaluated in three animal groups including control, 
OVA − , and OVA + Bmab-treated by real-time PCR. 
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The results showed that IL-1β and TNF-α expression 
was increased in treated animals with OVA (p = 0.004, 
p = 0.0127; respectively), compared to the control group; 
while treatment with Bmab (OVA + Bmab) caused a 
decrease in IL-1β and TNF-α mRNA levels that all were 
significant in comparison to OVA group (P < 0.05) (Fig. 3).

Protein Expression Level of Cytokines in Lung 
Tissue

To detect probable alterations in protein expres-
sion of pro-inflammatory factors, including TNF-α 
and IL-1β in asthma animal models (OVA group) and 
drug-treated group (OVA + Bmab) compared to the con-
trol group, immunohistochemistry assay was applied 
on lung tissue of all three groups. As shown in Fig. 4, 

the expression of IL-1β protein increased significantly 
in the OVA group (p = 0.02) compared to the control 
group. Parallel to IL-1β mRNA level, the Bmab treat-
ment group showed a significant decrease similar to the 
TNF-α protein level (p < 0.0001) (Fig. 5).

The Expression of VEGF Protein

To evaluate the expression of VEGF protein in 
lung tissues and microgravity, IHC was performed. An 
obvious increase in the expression of VEGF protein in 
the OVA group was observed compared to the control 
group (Fig. 6; p < 0.011). On the other hand, it was 
revealed that Bmab in the OVA group (OVA + Bmab 
group) reduced the expression of VEGF protein 
(p = 0.01) compared to the OVA group (Fig. 6).

Fig. 2  Effects of bevacizumab on airway goblet cell hyperplasia by PAS staining of lung sections. A Goblet cells hyperplasia in OVA-induced rat 
model of asthma, magnification: 400 × . B Quantitated PAS-positive cells are illustrated as a graph. Different signs show significant differences 
between experimental groups. p < 0.01 compared with control rats. PAS, periodic acid Schiff; OVA, ovalbumin; Bmab, bevacizumab.
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Counting of BALF Leukocytes

As shown in Fig. 7, Bmab treatment could significantly 
reduce the number of macrophages, neutrophils, and lympho-
cytes in lung tissue compared to the asthma group (p < 0.05), 
while no significant difference in the number of eosinophils 
was observed among the OVA and OVA + Bmab.

Serum OVA‑Specific IgE

A higher level of OVA-specific IgE was detected 
in the asthma group compared to the control (p < 0.05). 
However, the results in treatment groups revealed that 
Bmab significantly suppressed OVA-specific IgE secre-
tion in the treated group (P < 0.05) (Fig. 8).

Fig. 3  Effects of bevacizumab on OVA-induced lung inflammatory genes expression. TNF-α and IL-1β changes were assessed by real-time PCR 
in experimental groups. Data are expressed as means ± SE. Different signs represent statistically significant differences between the mean values 
(p = 0.004; IL-1β, p = 0.0127; TNF-α) and similar signs are not significant. OVA, ovalbumin; Bmab, bevacizumab.
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DISCUSSION

In the present study, a new strategy was introduced 
to treat symptoms of asthma. Bevacizumab-treated ani-
mals displayed a decrease in goblet cell population and 
migration in airways of mice treated with OVA treat-
ment, indicating symptoms of asthma. The asthmatic 
airway mucosa inflammation is usually associated with 
enhanced vascular permeability and plasma exudation. 
Vesicular‐vascular organelles which are present largely in 
venular endothelium provide the major route of extrava-
sation of macromolecules at sites of increased vascular 

permeability [34–37]. In the airways, the plasma exuda-
tion may readily pass through the inflamed mucosa and 
reach the airway lumen through the leaky epithelium. 
Leaked plasma proteins induce a thickened, engorged, 
and edematous airway wall, resulting in airway obstruc-
tion. The leaked plasma proteins can also traverse the 
epithelium and agglomerate in the airway lumen, leading 
to a reduction of mucus clearance and ciliary dysfunction 
[38]. Due to the interaction between VEGF and inflam-
mation situation, our results showed that VEGF inhibi-
tion by bevacizumab might influence or possibly inhibit 
the inflammatory activity of inflammation cells in BALF. 

Fig. 4  Effects of bevacizumab on OVA-induced lung inflammatory protein of TNF-α. Immunohistochemical staining was performed in rats’ lung 
sections. Data are expressed as means ± SE. Different signs represent statistically significant differences between the mean values (p < 0.02) and 
similar signs are not significant. OVA, ovalbumin; Bmab, bevacizumab.
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The density of leukocytes and especially of macrophages 
and neutrophils was lower in the OVA-bevacizumab 
treated group compared to the OVA group. Macrophages, 
in addition to stimulating VEGF, can induce epithelium 
of airway lumen proliferation and migration through 
the release of cytokines, proteases, and growth factors 

based on the results of Sunderkötter et al. in 1994 [39]. 
Therefore, experimental studies for potential new anti-
angiogenic treatment strategies target the complement 
system [40], ICAM [41], macrophages, monocytes [42, 
43], and TNF [44]. Tsuchihashi S et al. in 2006 investi-
gated that anti-VEGF drugs might be expected to have 

Fig. 5  Effects of bevacizumab on OVA-induced lung inflammatory protein of IL-1β. Immunohistochemical staining was performed in rats’ lung 
sections. Data are expressed as means ± SE. Different signs represent statistically significant differences between the mean values (p < 0.0001) and 
similar signs are not significant. OVA, ovalbumin; Bmab, bevacizumab.
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an anti-inflammatory effect [45]. VEGF acts as a sur-
vival factor for epithelium growth of airway lumen by 
inhibiting apoptosis. Alon et al. revealed that depriva-
tion and/or inhibition of VEGF could induce vascular 
regression through epithelial cell apoptosis in the retina, 
especially in neovascular vessels [46]. Therefore, the 
usage of bevacizumab as an anti-angiogenesis drug was 
employed to prevent angiogenesis and reduce access to 
inflammatory cells in the lung tissue area. Microvascular 
leakage is an essential component of the inflammatory 
responses, and the majority of inflammatory mediators 
induce this vascular leakage in asthma [47–50]. On the 

basis of COVID-19-induced pulmonary pathological and 
vascular changes, it can be hypothesized that the anti-
vascular endothelial growth factor (VEGF) drug bevaci-
zumab plus standard care might be highly beneficial for 
patients with severe COVID-19 [51]. The results of the 
present study showed that VEGF expression decreased 
in the group receiving bevacizumab compared to that of 
the asthma group. VEGF by binding to VEGF triggers 
a signaling network in endothelial cells which causes 
angiogenesis [52]. Thus, VEGF is an endothelial marker 
and its reduction demonstrated that bevacizumab can 
reduce the rate of angiogenesis in lung tissue. In the 

Fig. 6  Effects of bevacizumab on OVA-induced lung inflammatory protein of VEGF. Immunohistochemical staining was performed in rats’ lung 
sections. Data are expressed as means ± SE. Different signs represent statistically significant differences between the mean values (p < 0.01), and 
similar signs are not significant. OVA, ovalbumin; Bmab, bevacizumab.
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case of wound healing, VEGF expression, as one of the 
vital angiogenic stimulators, is significantly upregulated 
to accelerate wound healing by regulating and restor-
ing blood flow to the injured area. As wound healing 

resolves, the expression of VEGF is downregulated, and 
most angiogenic capillaries regress, resulting in resid-
ual normal vascularity [53]. New evidence indicates 
that a number of endogenous angiogenic inhibitors are 

Fig. 7  The number of inflammatory cells in bronchoalveolar lavage fluid (BALF) of the experimental groups. Data are expressed as means ± SE. 
Different signs represent statistically significant differences between the mean values (p < 0.01), and similar signs are not significant. OVA, ovalbu-
min; Bmab, bevacizumab.

Fig. 8  Serum OVA-IgE concentration in control, OVA-sensitized and OVA-bevacizumab treatment. Data are expressed as means ± SE. Different 
signs represent statistically significant differences between the mean values (p < 0.01) and similar signs are not significant. OVA, ovalbumin; Bmab, 
bevacizumab.

2472



Anti‑angiogenic Properties of Bevacizumab Improve Respiratory System Inflammation in…

present in the normal retina to balance the stimulatory 
effect of VEGF in the regulation of angiogenesis and 
vascular permeability [54]. It is suggested that endog-
enous angiogenic inhibitors can be utilized to balance the 
effect of angiogenic stimulators. TNF-α and IL-1β were 
known as major regulatory cytokines which can initi-
ate the inflammatory. These processes are performed by 
switching on many downstream genes, inducing expres-
sion of signaling molecules and transcription factors, 
cytokines, chemokines, components of the coagulation 
system, cell surface receptors and adhesion molecules, 
cell proliferation-related genes, apoptosis-related genes, 
and other inflammatory response genes [30, 55, 56]. Our 
study showed that the expression of TNF-α and IL-1β 
increased in the induced rat model of asthma, but their 
expression decreased significantly in the asthmatic ani-
mal group receiving bevacizumab compared with the 
non-treated group; however, their expression is higher 
than the control group. Hence, bevacizumab can have 
good effects on inflammatory diseases such as asthma. 
Some studies have reported the increase of TNF-α and 
lymphotoxin alpha expression in mouse lungs after M. 
pulmonic infection [57–60], but in the viewpoint of ves-
sel remodeling in the airways, no report has been pub-
lished yet. Lung expression of TNF-α increases within 
a few hours of infection and then decreases to near 
baseline values [57–59], but TNF-α expression is stable 
for a period of time in the trachea. This difference may 
indicate a histological difference in the cell population 
in the trachea and lung, as well as a complex combina-
tion of parenchymal alveoli and intrapulmonary airways. 
Evaluation of the relationship between TNF-α expression 
and vascular regeneration or lymphatic angiogenesis in 
the trachea indicates an increase in TNF-α involvement 
in vascular regeneration. This therefore suggests that 
bevacizumab controls asthma by angiogenesis inhibition 
through the reduction of TNF-α and IL-1β expression. 
Decreased expression of chemoattractants and adhesive 
molecules may help reduce the loss of leukocytes and 
lymph node hypertrophy in infected mice treated with 
anti-TNF antibodies or TNF-R1 deficiency. Similarly, 
TNF-α causes the expression of VCAM-1, E-selectin, 
and ICAM-1 in endothelial cells, which mediates the 
adhesion and exit of leukocytes [61]. Among the logical 
approaches for airway diseases such as severe asthma and 
chronic obstructive pulmonary, blocking TNF-α signal-
ing would seem to be a noticeable therapy [62]. Recent 
clinical studies of asthma treated with anti-TNF-α have 

improved lung function and quality of life and reduced 
intensified airway responses [63–65]. Therefore, this 
type of therapy may need to be administered over a long 
period of time. In the normal healthy body, the pro-
cess of angiogenesis is dormant, and the angiogenesis 
switch is kept “off” with inhibitors that are dominant 
over stimulators. Since anti-angiogenesis therapy is a 
targeted therapy that aims specifically at the angiogenic 
stimulators and the angiogenic microvascular endothelial 
cells, anti-angiogenesis therapy usually produces only 
mild side effects and is less toxic to most healthy cells. 
Meanwhile, some investigations have shown that intra-
vitreal injection of bevacizumab may induce a significant 
rise in IOP [14]. It is important to mention that since 
angiogenesis is vital in the wound healing process and 
reproduction, anti-angiogenic agents in long-term treat-
ments can result in problems in case of bleeding, heart 
function, blood clotting, the immune system problems, 
and the reproductive system, which are still unknown and 
need to be studied [66, 67]

CONCLUSION

Based on the present investigation, angiogenesis 
plays an important role in the expression and release of 
inflammatory mediators in lung airways in asthma. Tar-
geting VEGF through the application of bevacizumab 
would be a great therapeutic option to prevent the com-
plication of asthma.
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