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Nintedanib ameliorates tracheal stenosis by activating 
HDAC2 and suppressing IL-8 and VEGF in rabbit 
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Abstract: Acquired tracheal stenosis is a common disease occurring after endotracheal intubation or tracheotomy. 
Currently, surgery is the main option to treat the stenosis. This study investigated therapeutic effect and possible 
mechanism of nintedanib on tracheal stenosis. The rabbit models of tracheal stenosis were established and were 
administered with nintedanib and budesonide. The damage and repair of the tracheal tissue were determined us-
ing hematoxylin and eosin (HE) staining. The expression of histone deacetylase 2 (HDAC2), interleukin-8 (IL-8) and 
vascular endothelial growth factor (VEGF) was detected by real-time quantitative reverse transcription polymerase 
chain reaction (qRT-PCR), Western Blot and immunofluorescence assay. The expression of collagens I and III was 
assayed immunohistochemically. Remarkable tracheal stenosis was observed after the trachea was brushed in the 
rabbit model. Compared with control, the stenosis was improved after nintedanib treatment. The mRNA of HDAC2 
was increased and that of IL-8 and VEGF was decreased significantly in the tracheal tissue following nintedanib 
treatment. Western blot analysis showed that HDAC2 increased to the level similar to that of control while VEGF 
remained unchanged following nintedanib treatment. Budesonide treatment also resulted in increased HDAC2 ex-
pression and decreased IL-8 and VEGF expression. Immunofluorescence assays also showed an increased HDAC2 
expression following nintedanib treatment. Collagens I and III decreased significantly after nintedanib treatment in 
the tracheal tissues of models. Therefore, it is concluded that nintedanib alleviates the acquired tracheal stenosis 
by activating HDAC2 expression and suppressing IL-8 and VEGF expression, and may offer new option to medical 
treatment for the disease.
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Introduction

Acquired tracheal stenosis is one of the mo- 
st important late complication after endotra-
cheal intubation or tracheotomy [1]. It is a life-
threatening disease that causes different lev-
els of dyspnea, asphyxia or even death. Current- 
ly, the pathogenesis of disease is largely known. 
Tracheal stenosis is mainly caused by granula-
tion tissue formation, fibrosis or scar formation. 
Due to the pressing and friction of endotrache-
al tube or tube cannula on the tracheal wall dur-
ing endotracheal intubation, stress response 
may be induced in the tracheal mucosa to the 
release of transforming growth factors (TGFs) 
and endothelin, leading to increased synthesis 
of collagen fiber and deposition of extracellular 
matrix (ECM) [2, 3]. In addition, during intuba-

tion or tracheotomy, incomplete sterilization of 
the oropharynx may result in infection of lower 
respiratory tract [4], leading to increased inci-
dence of tracheal stenosis. For example, it was 
showed that tracheal stenosis could occur even 
stenosis animal models were infected with a 
small amount of staphylococcus [5]. 

A number of options are available to treat tra-
cheal stenosis and surgical resection is the 
most effective, particularly in the youths and 
children [6]. However, the recurrence rate of 
surgery treatment is still high [7, 8] and the ther-
apeutic effect decreases and the recurrent risk 
increases in multiple surgery [9]. For elder or 
severe patients, medication treatment for tra-
cheal stenosis has less the side effects [7]. 
Therefore, medical treatment with drugs such 
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as budesonide is becoming increasingly po- 
pular [10]. Budesonide is a glucocorticoid with 
strong local anti-inflammatory effect, which 
inhibits the inflammatory response in the air-
way, reduces local tissue edema and mucus 
secretion. After atomization, inhaled bude- 
sonide forms drug particles with proper diame-
ter that deposit on the respiratory mucosa, 
increasing the local drug concentration with 
enhanced anti-inflammatory effect that reduc-
es the edema of the local respiratory mucosa 
[10]. Nintedanib, a receptor tyrosine kinase 
(RTK) inhibitor has been developed as thera-
peutics for idiopathic pulmonary fibrosis, non-
small lung cancer and is shown to alleviate der-
matitis symptom in OXA-induced animal model 
[11, 12]. 

To broaden the drugs that may be used to treat 
tracheal stenosis, we tested the therapeutic 
effect of nintedanib using rabbit models of 
acquired tracheal stenosis, examined the path-
ological changes in the lesion area and ana-
lyzed the expression of inflammation-related 
factors. The findings would help identify new 
therapeutic drugs for tracheal stenosis. 

Materials and methods

Animal model

Thirty adult New Zealand white rabbits, both 
male and female, aged 13 to 15 weeks and 
weighing 2.0 to 2.5 kg were purchased from 
Longping Rabbits, Nanchang, China and used 
in this study. The animals were housed individu-
ally under controlled temperature and lighting, 
with free access to filtered water and diet. After 
a week of acclimatization, the animals were 
used for experiments. All animal experiment 
protocols were approval by the ethical commit-
tee of Guangxi Medical University and carried 
out according to the guidelines for care and use 
of laboratory animals and as well as to the prin-
ciples of laboratory animal care and protec- 
tion. 

Rabbit models of tracheal stenosis was made 
as previously described [13]. Briefly, the ani-
mals were fasted 8 h prior to surgery and 
anaesthetized by injecting intravenously with 
10% chloral hydrate (1 mL/kg). An incision of 
4-5 cm long was made on the skin in the an- 
terior region of neck and the subcutaneous  
tissue was separated until the trachea was 

exposed. The trachea was incised transversely 
along the tracheal cartilage between the third 
and fourth tracheal rings with an incision two-
thirds of the circumference of the trachea long. 
To generate trachea damage, a nylon brush 
was inserted into the trachea distal to the heart 
and brushed back and forward for 20 times on 
the front, side and back walls of the trachea. 
The brushed trachea was then sutured. 

Treatment

The animals were randomly divided into 5 
groups (n = 6): the control group (control), 
where rabbits did not received any treatment, 
the model group, where the rabbits underwent 
tracheal brushing but did not receive any drug, 
normal saline group (model+NS), where the 
models were aerosolly inhaled with 15 mL 
saline twice a day, nintedanib group (model+  
nintedanib), in which the models were aerosolly 
inhaled with 10 mg/kg nintedanib twice a day 
and budesonide group (model+ budesonide, 
which served as positive control), in which the 
models were aerosolly inhaled with 0.05 mg/kg 
budesonide twice a day. All drug treatments 
last 10 days after the surgery and tracheal 
brushing. The animals were scarified 2 days 
after drug treatment by CO2 asphyxiation and 
used for subsequent experiments. 

Hematoxylin and eosin (HE) staining

HE staining was performed as described [14]. 
Briefly, the tracheas was separated and embed-
ded in paraffin, sectioned and stained with 
hematoxylin and eosin and examined under 
microscopy.

Assessment of tracheal stenosis 

Trachea was isolated and the length (r1) and 
width (r2) of endotracheal airway and the length 
(R1) and width (R2) of the ring surrounded by 
the ring of trachea cartilage were measured. 
The tracheal stenosis (S%) was calculated as S 
= [1-(r1+r2)/(R1+R2)] × 100%.

Real-time quantitative reverse transcription 
polymerase chain reaction (qRT-PCR)

qRT-PCR was used to quantify the expression 
of genes at mRNA level. Total RNA was extract-
ed from the tracheal tissues using a RNA 
Extraction Kit (Takara, Japan) according to 
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manufacturer’s instructions, quantified using a 
Nanodrop spectrophotometer (NanoDrop Te- 
chnologies, USA) and reversely transcripted 
into cDNA using the High Capacity cDNA 
Transcriptase Reverse kit (Applied Biosyste- 
ms by Life Technologies, Carlsbad, California, 
USA) according to manufacturer’s recommen-
dations. qRT-PCR was run with SYBR Premix Ex 
TaqTM (Takara, Japan) on an Applied Bio-Rad 
CFX96 instrument using primers listed in Table 
1. The relative mRNA levels of vascular endo-
thelial growth factor (VEGF), interleukin (IL-8) 
and histone deacetylase 2 (HDAC2) were deter-
mined using the 2-ΔΔCt method after normaliza-
tion with rabbit glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as internal reference 
[15]. The PCR was carried out in a total volume 
of 10 μl containing 1 μl of diluted and pre-
amplified cDNA, 10 μl of TaqMan Gene 
Expression Master Mix and 1.5 μl of each fluo-
rescence TaqMan probe. The cycling conditions 
were 50°C for 2 min, 95°C for 10 min followed 
by 40 cycles, each one consisting of 15 s at 
95°C and 1 min at 57°C. Samples were run in 
triplicate and the mean value was calculated 
for each case. 

Western blot 

Proteins were extracted from the tracheal tis-
sue using a total Protein Extraction Kit from 
(Beyotime, Beijing) according to manufacturer’s 
instructions. Approximately 35 μg of protein 
was separated on 12% SDS-polyacrylamide gel 
(SDS-PAGE). The protein was transferred to 
polyvinylidene difluoride membrane (Millipore, 
USA), blocked with 5% nonfat milk in tris-buff-
ered saline in 0.1% Tween-20 (pH 7.4) for 1 h at 
room temperature and incubated overnight 
with primary rabbit anti-human antibodies ag- 
ainst HDAC2 (OmnimAbs, OM105905, 1:1000), 

IL-8 (Abcam, 1:1000) and VEGF (Bioss, 1:1000). 
A horseradish peroxidase-conjugated antibody 
against rabbit IgG (1:5000, Abcam, USA) was 
used as a secondary antibody. Blots were incu-
bated with the ECL reagents (Beyetime, Beijing) 
for five min and imaged and the intensity of bl- 
ot signals was quantitated using ultrasensitive 
chemiluminescence imaging system (Chemi- 
DocXRS+). Three independent assays were per- 
formed.

Immunofluorescence assay

Immunofluorescence assay for HDAC2 expres-
sion was carried out as previously described 
[16]. Briefly, tracheal tissue samples were iso-
lated, rinsed three times in phosphate buffer 
solution (PBS), fixed in fixed with 4% parafor-
maldehyde and sectioned. After cleared with 
0.5% Triton X-100 at room temperature for 20 
min, the slices were blocked in 5% BSA at 37°C 
for 30 min, dropped with rabbit-anti HDAC2 
antibody (Omnim Abs, 1:1000), incubated at 
37°C for 3 h. Then fluorescein-labelled second-
ary antibody (1:200) was added and slides 
were incubated at 37°C for 30 min under the 
dark. 4’, 6-diamidino-2phenylidole (DAPI) was 
drop-added and the slides were incubated at 
room temperature in the dark for 5 min to stain 
the nuclei. Fluorescence images were captured 
using a fluorescence microscope (Olympus, 
Tokyo, Japan). 

Immunohistochemistry

Immunohistochemistry assay for collagens was 
performed as described [16]. Briefly, tracheal 
tissue samples were embedded in paraffin, 
sectioned, and hydrated by going through an 
ethanol series from 100% to 0% for 5 min each. 
The sections incubated with antibodies against 

Table 1. Primers for VEGF, IL-8, HDAC2 and GAPDH
Primer Sequences Length of primer (bp) Length of product (bp) Annealing temperature (°C)
VEGF F CGAGTACATATTCAAGCCTTCC 22 207 57.1
VEGF R CTTGCTCTGTCTTTCTTTGGTC 22
IL-8 F CTGTTGGTCAGGCCATGAGT 20 125 60.1
IL-8 R AAAGTGCTTCCATGTGCCCT 20
HDAC2 F AGGAGACTTGAGGGATATTGG 21 228 56
HDAC2 R CATTTAGCATGACCTTTGACTG 22
GAPDH F GCCGCCCAGAACATCAT 17 192 58.2
GAPDH R TGCCTGCTTCACCACCTT 18
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collagens I and III (Bioss, 1:1000) for 2 hours at 
room temperature followed by incubation with 
appropriate secondary antibodies for 1 hour 
before microscopy study.

Statistical analysis

Data were expressed as means ± standard 
deviation (SD) obtained from at least th- 
ree independent experiments and analyzed by 
SPSS version 11.5 for Windows (SPSS Inc., 
Chicago, IL, USA). For normally distributed con-
tinuous variables, means were compared using 
the student’s t-test or two-way ANOVA with the 
corresponding post-test. A p-value ≤ 0.05 was 
considered statistically significant.

Results

Nintedanib reduced tracheal stenosis and in-
flammation in tracheal tissue 

Assessments showed that after brushing the 
trachea, the stenosis was increased significant-
ly in model and model+NS groups (P < 0.01), 
while nintedanib and budesonide treatments 
alleviated the stenosis (P < 0.01, Figure 1A). 
HE staining showed that mucosa, submucosa, 
goblet cells and basal cells in the tracheal tis-
sue of control rabbit were compact and intact 
with loose fibrous connective tissue in the sub-
mucosa. After brushing, fibroblast hyperplasia 

Figure 1. Tracheal stenosis (A) and HE staining (B) of tra-
cheal tissues from rabbits after tracheal brushing and 
nintedanib treatments 2 day after treatments. Arrows in-
dicated inflammatory cells. * and # denote P < 0.01 vs 
control and model, respectively. 
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and thicken collagen fiber layers with disor-
dered arrangements were observed in model 
and model+NS groups, where large amount of 
inflammatory cells infiltrated into the tracheal 
tissue. After treatment with nintedanib and 
budesonide, fibroblast hyperplasia and infiltra-
tion of inflammatory cells were significantly 
reduced (P < 0.01, Figure 1B). 

Nintedanib up-regulated HDAC2 and down-
regulated IL-8 and VEGF expression

qRT-PCR analysis showed that at mRNA level, 
HDAC2 expression was significantly reduced 
and IL-8 and VEGF expressions were signifi-
cantly increased in the model and model+NS 
groups as compared to untreated animals; nint-
edanib significantly increased HDAC2 expres-
sion and decreased IL-8 and VEGF expressions 
in brushed tracheal tissue (P < 0.01). Similar 
results were obtained with budesonide (Figure 
2). Western blot showed similar effect at pro-
tein levels (Figure 3, Supplemetary Figure 1). 
We further analyzed the expression of HDAC2 
in tracheal tissues using immunofluorescence 
assay. The results showed that red fluores-
cence from Cy3 coupled to HDAC2 were signifi-
cantly enhanced after treating the model with 
nintedanib and budesonide. On the other hand, 
NS did not generated such increment (Figure 
4A). Also, the up-regulation was significantly 
greater in nintedanib-treated and budesonide-
treated rabbits (Figure 4B). 

Our results showed that treatment of ninte-
danib is effective in alleviating the tracheal ste-
nosis induced by mechanic damage in rabbit 
models. This alleviation is likely mediated by 
decreasing HDAC2 down-regulation and -IL-8 
and VEGF up-regulation due to brushing-in- 
duced damage to the tracheal tissues and 
would offer new potential medication-based 
therapy for acquired tracheal stenosis. 

To provide insight into the therapeutic effect on 
the stenosis by nintedanib, we assessed the 
expression of several inflammation-related fac-
tors. HDAC2 is a protease which could play an 
important role in the structural modification of 
chromosomes and the regulation of gene 
expression. HDAC2 could inhibit the expressi- 
on of inflammatory factors [17]. The expression 
level of HDAC2 was up-regulated by small  
dosage of antibiotics such as erythrocin and 
increased HDAC2 was shown to inhibit the 
activity of NK-κB and reduce the secretion of 
TNF-α and IL-8, leading to reduced inflamma-
tion [18, 19]. VEGF is an important regulator of 
angiogenesis and is also involved in fibrosis-
related diseases [20]. In the animals model, 
pulmonary fibrosis is shown to result in remark-
able structural changes in blood vessels [21]. 
Currently, the role of VEGF in the tracheal ste-
nosis is largely unknown. However, since it is an 
effective inducer of vascular permeability and 
can induce the expression of metalloprotein-

Figure 2. Relative mRNA level of HDAC2, IL-8 and VEGF in tracheal tissues 
from rabbits after tracheal brushing and nintedanib treatments 2 day after 
treatments. * and # denote P < 0.01 vs control and model, respectively. 

Nintedanib reduced fibrosis in 
tracheal tissue 

To assess fibrosis in the tra- 
cheal tissues, the expression 
of collagens I and III was de- 
tected immunohistochemistri-
ally. Fewer collagens I- and III-
expressing cells were detected 
in normal rabbit and the num-
bers of these cells increased 
significantly after the tissue 
damage in the model group 
(Figure 5A). On other hand, 
both nintedanib and budesoni- 
de significantly reduced the nu- 
mber of collagen I- and III-
expression cells as indicated 
by reduced protein expression 
(Figure 5B). 

Discussion 
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ase (MMP), it may play role in ECM remodeling, 
wound healing and angiogenesis [22, 23]. 
Stress response due to pressing and friction of 
endotracheal tube on tracheal wall may induce 
overexpression of transforming growth factor 
beta 1 (TGF-β1), IL-8 and VEGF, promoting gran-
ulation tissue formation, fibrosis and scar for-
mation that narrow the airway [13, 24]. 

Nintedanib is a triple tyrosine kinase inhibitor 
and an antagonist to TGF, which can simultane-
ously block the expression of vascular endothe-
lial growth factor receptors (VEGFRs), platelet-
derived growth factor receptors (PDGFR) and 
fibroblast growth factor receptors (FGFR) [25, 
26]. There are also reports showing that ninte-
danib could continuously and remarkably inhib-
it the expression of IL-1β and MMP-1 [27, 28]. In 
our study, HDAC2 expression was upregulated 
and expression of inflammatory factor IL-8 and 
VEGF was downregulated significantly by ninte-
danib in wounded tracheal tissues, suggesting 
that nintedanib may inhibit granulation tissue 
hyperplasia, leading to less tracheal stenosis. 
This is further confirmed with HE staining, 
which showed that less fibroblast hyperplasia 
and inflammatory cells when the rabbit models 
were given nintedanib. Nintedanib is reported 
to target on the VEGFR to inhibit the angiogen-
esis and formulation of scar [27]. Our results 
showed that it is likely that nintedanib may 
inhibit the function of inflammatory factors by 
up-regulating the expression of HDAC2, result-
ing in reduced granulation tissue hyperplasia in 
the damaged tracheal tissue. Our results also 
showed that nintedanib has similar therapeutic 

effect on tracheal stenosis as compared with 
budesonide (positive control). In addition, at 
mRNA and protein levels, nintedanib appears 
to have stronger effect than budesonide. 

Since fibrosis often occurs in the tracheal tis-
sue after incubation, we also compared the 
expression of collagens I and III in the tracheal 
tissue. Although the numbers of collagen-posi-
tive cells were greatly increased after the tis-
sue wounding as compared with unwounded 
tissue, the numbers were significantly reduced 
after nintedanib treatment, suggesting that 
nintedanib may prevent fibrosis in the damaged 
tissue. The results are consistent with previous 
investigation, in which nintedanib was found to 
inhibit the proliferation of fibroblast, differentia-
tion and the secretion of collagen [29]. Also 
therapeutic effect has been observed for nint-
edanib on acquired tracheal stenosis in the ani-
mal models, more studies are needed to fur-
ther optimize the dose and duration of medica-
tion, to investigate other factors that might 
contribute to the wounding healing process and 
possible side effect. Furthermore, the work 
needs to be validated in other animal models 
and human for clinical use. 

Conclusion

We demonstrate for the first time that ninte-
danib can alleviate acquired tracheal stenosis 
in rabbit models by reducing fibrosis and tissue 
hyperplasia. Nintedanib differentially regulates 
the expression of HDAC2, IL-8 and VEGF, lead-
ing to reduced stenosis. These findings provide 

Figure 3. The expression of HDAC2, IL-8 and VEGF proteins in tracheal tissues from rabbits after tracheal brushing 
and nintedanib treatments 2 day after treatments. Left panel: representative Western blots, right panel: relative 
protein level. * and # denote P < 0.01 vs control and model, respectively. 
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Figure 4. Immunofluorescence assess-
ment of HDAC2 in tracheal tissues from 
rabbits after tracheal brushing and nint-
edanib treatments 2 day after treatments. 
(A) Representative immunofluorescence 
photos, (B) Immunofluorescence inten-
sity. * and # denote P < 0.01 vs control 
and model, respectively. 
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cue to develop new medicine for treatment of 
tracheal stenosis and insight into the mecha-
nism underlying the therapeutic effect. 
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Supplementary Figure 1. Western blot analysis of HDAC2, IL-8 and VEGF proteins in tracheal tissues from rabbits 
after tracheal brushing and nintedanib treatments using GAPDH as control. The blots were run independently three 
times and shown as three rows. 


