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Abstract
Abstract Background: Recent evidence has demonstrated the role of angiogenesis in the pathogenesis of
pulmonary �brosis. This study aimed to assess the therapeutic effect of Recombinant Human Endostatin
(Endostar) administration on histopathological markers of radiation-induced pulmonary �brosis, and
investigate the underlying mechanism. Methods: 80 Inbred C57BL/6 female mice were randomly divided
into four treatment groups: No treatment group(NT, normal saline control), Radiation treatment group
(RT), Endostar treatment group(EN), Endostar plus radiation treatment group (RT+EN). RT and RT+EN
mice were exposed to a single-fraction 16Gy of 6MV X-ray for thorax irradiation. Mice in EN and RT+EN
groups were given a daily subcutaneous injection of Endostar at a dose of 20 mg/kg, and thorax
irradiation was performed 3 days after the �rst subcutaneous injection. Mice were sacri�ced at 12 and 24
weeks post-irradiation. Pulmonary tissue was used in hematoxylin-eosin (H&E) and Masson’s trichrome
staining, as well as for immunohistochemical assessment of CD31, Collagen I and Collagen IV, and
reverse transcription-polymerase chain reaction (RT-PCR) was used to detect the expression level of
vascular endothelial growth factor (VEGF) and transforming growth factor-β1 (TGF-β1). The protein
expression level of TGF-β1, α-smooth muscle actin (α-SMA), total drosophila mothers against
decapentaplegic protein 3 (Smad3), phosphorylate Smad3 (p-Smad3), total extracellular signal-regulated
kinase (ERK) and phosphorylate ERK (p-ERK), β-Actin were analyzed by western blot. Results: During the
observation period, the hair of irradiated groups showed whitening in the irradiated area and radiation
induced body weight loss of mice was partially attenuated by Endostar treatment. Endostar treatment
signi�cantly reduced alveolar in�ammation and pulmonary �brosis in RT+EN group compared with RT
group, as indicated by a decrease in the expression level of Collagen I, Collagen IV and CD31 in lung
tissue. Thorax irradiation signi�cantly increased the expression of TGF-β1 and VEGF mRNA as well as α-
SMA, TGF-β1, p-Smad3, p-ERK protein in lung tissue of mice, however, those were attenuated after
Endostar treatment. Conclusion: Endostar could reduce radiation-induced plumonary �brosis in mice, and
this effect may be related to the inhibition of angiogenesis and TGF-β1/Smad3/ERK pathway.

1. Background
Radiation therapy is an important treatment strategy for thoracic cancers. However, radiation-induced
lung injury (RILI) is a common complication from the radiotherapy treatment of lung cancer, esophageal
cancer and other mediastinal tumors, such as lymphoma and thymoma [1]. Clinical data have
demonstrated that the incidence of RILI ranges from 5% to 30%. It is an important factor affecting the
prognosis and quality of life for patients. The risk of RILI can be further increased as radiotherapy is
always combined with chemotherapy drugs such as bleomycin, cisplatin, etoposide, 5-�uorouracil and
paclitaxel for lung cancer treatment [2]. RILI includes two phases, acute phase of pneumonitis and
late/chronic stage of �brosis [3]. At present, glucocorticoids are used mainly in clinical treatment for early
radiation pneumonitis. Radiation-induced pulmonary �brosis (RIPF) will lead to progressively worsen
alveolar structural disorders and irreversible lung �ber tissue remodeling, eventually leading to respiratory
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failure, and currently there is no any effective treatment [4]. Thus, it is of great urgency to develop novel
compounds to alleviate RIPF.

With the development of molecular and cellular biology, the role of angiogenesis in pulmonary �brosis
has been paid more and more attention. Angiogenesis may be a key factor in the development of
pulmonary �brosis [5-6]. In 1963, Turner-Warrick et al.[7] found an increase in the formation and
remodeling of neovascularization in the lungs of patients with idiopathic pulmonary �brosis (IPF), and an
increase in microvessels in the pulmonary �brosis area at autopsy. Then, many studies have
demonstrated that the inhibition of angiogenesis attenuates pulmonary �brosis in various animal models
[8-10].

 Endostatin, a 20 kDa C-terminal fragment of collagen XVIII, has been studied as a broad-spectrum and
low toxicity multitarget angiogenesis inhibitor since being isolated from a murine hemangioendothelioma
in 1997 [11]. O’Reilly et al[12] demonstrated that systemically administered Endostatin inhibited the
growth of Lewis lung metastases and could also inhibit a number of primary tumors including Lewis
lung, T241 �brosarcomas, and B16F10 melanomas. With the deepening of research, Endostatin may
inhibit tumor growth up to 65 different tumor types [13]. However, the anti-tumor effects of Endostatin
were yet to be demonstrated in phase II clinical trials [14-15]. Recombinant Human Endostatin (Endostar)
is a novel Endostatin with an additional nine-amino acid sequence forming his-tag structure, which not
only improves its stability, prolongs half-life, but also increases biological activities [16]. The purity of
Endostar is more than 99.9%, which is much higher than Endostatin, and it is at least twice as potent as
Endostatin in animal tumor models [17]. Phase II and phase III clinical studies revealed that Endostar
combined with vinorelbine platinum (NP) therapy for advanced non-small cell lung cancer (NSCLC) could
signi�cantly improve the effective rate and median tumor progression time [18-21]. In 2005, Endostar was
approved by the China’s State Food and Drug Administration  (SFAD) for the treatment of NSCLC [22].

Wan et al. [23] found that Endostatin could reduce bleomycin-induced IPF in rats by inhibiting the
expression of VEGF and ERK pathways. Yamaguchi et al. [24] reported that carboxyl-terminal
polypeptides extracted and derived from Endostatin could signi�cantly reduce IPF induced by TGF-β or
bleomycin in mice. It was reported that Endostatin was signi�cantly elevated in both bronchoalveolar
lavage �uid (BALF) and plasma of IPF patients compared with controls, and Endostatin could inhibit
distal lung epithelial cell (DLEC) wound repair. These suggested that Endostatin may play a role in
aberrant epithelial repair in IPF [25] .

The pathological characteristics of IPF are very similar to those of RIPF. The most sensitive subunit to
ionizing radiation is the alveolar-capillary barrier (ACB). ACB is mainly composed of vascular endothelial
cells and alveolar epithelial cells. The damage to alveolar epithelial cells and vascular endothelial cells
results in secretion of a large number of cytokines, such as interleukins (IL-6, IL-8, IL-4, IL-1β), tumor
necrosis factor-α (TNF-α), monocyte chemotactic protein-1 (MCP-1), TGF-β, platelet-derived growth factor
(PDGF) and basic �broblast growth factor (bFGF) which were involved in local injury and in�ammatory
response and could lead to accumulation of �broblasts that results in lung �brosis. More importantly,
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cytokines produced in this process will continue to trigger the activation of other cells resulting in
cytokines cascade reactions [26]. Endostar has been reported to attenuate RILI of mice by inhibiting the
expression of TGF-β1, but the deeper mechanisms have not been elucidated [27].    

Therefore, this study aims to constructing the mouse RIPF model, so as to better explore the therapeutic
effects of Endostar on RIPF and elucidate the underlying mechanisms. 

2. Methods
2.1Animals and Agents

10-12 weeks old inbred C57BL/6 female mice (body weight 18-20g) were provided by Shanghai Xipuer
Bikai Experimental Animal Co., Ltd. (production license: SCXK 2013-0016, Shanghai, China) and raised in
the SPF animal breeding room of Experimental Animal Center of Zhejiang Chinese Medical University
(Hangzhou, China), housed six per cage under standard laboratory conditions and had free access to
food and water. The mice go in and out of the SPF animal room by using dedicated sealed transfer boxes
with air �ltration. Endostar (15mg/3ml; Shandong Simcere-Medgenn Bio-Pharmaceutical Co., Ltd.Yantai,
China.), and normal saline as a vehicle.

2.2Irradiation and Endostar Treatment

After one week of acclimation in the room, 80 female C57BL/6 mice were randomized into 4 groups no
treatment group (NT, normal saline), radiation alone group (RT), Endostar alone group (EN), and Endostar
plus radiation group (RT+EN). For radiation exposure, mice were anesthetized using pentobarbital sodium
(40mg/kg, intraperitoneally) and received a single whole lung X-ray consisting of a 16Gy dose of
radiation by using Varian’s Trilogy Tx medical linear (6MV; 600cGy/min; SSD=100cm; Varian Medical
Systems Inc. USA). For Endostar administration, 20mg/kg/d of Endostar was administrated
subcutaneous injection 3 days before irradiation for 12 or 24 weeks [28-29].

 

2.3 Histology

Mice were �xed on the operating table and killed by femoral artery bleeding at 12 or 24 weeks post-
irradiation, each procedure was performed under sodium pentobarbital anesthesia (40mg/kg,
intraperitoneally), and all efforts were made to minimize suffering. The right lungs were stored at -80℃
for qRT-PCR and Western blot analysis, and the left lungs were �xed in 4% paraformaldehyde, dehydrated,
and embedded in para�n. The tissues were then sectioned at 5μm and stained with H&E, Masson's
trichrome to examine the degree of �brosis. Ten �elds in each section were analyzed. The severity of
�brotic changes in each histological section of the lung was assessed as the mean score of severity from
the observed microscopic �elds using the semi-quantitative grading system described by Ashcroft and
co-workers [30].
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After depara�nization in xylene, hydration with graded alcohol and subjected to antigen retrieval, the
tissue sections were placed in 3% hydrogen peroxide (H2O2) for 10 minutes at room temperature to
inactivate endogenous peroxidases. After washing three times in PBS, the slides were blocked with 2%
bovine serum albumin (BSA) for 30 minutes at room temperature, followed by incubation with primary
antibodies against the CD31 (1:200, ab28364, Abcam, Cambridge, UK), Collagen I (1:200, ab34710,
Abcam, Cambridge, UK) and Collagen IV (1:200, ab6586, Abcam, Cambridge, UK) at 4℃ overnight. After
washing with PBS, the slides were incubated with secondary antibody (1:200, ab150077, Abcam,
Cambridge, UK ) for 60 minutes at 37℃. The slides then were washed in PBS for three times, followed by
the DAB detection and counterstaining with haematoxylin.

For immunohistochemistry (IHC) scoring, positive reactions were de�ned as those showing brown 
signals, �ve �elds were randomly selected and observed under a light microscope. The intensity was 
scored as follows: 0, negative; 1, weak; 2, moderate; and 3, strong. The frequency of positive cells 
was de�ned as follows: 0, less than 5%; 1, 5% to 25%; 2, 26% to 50%; 3, 51% to 75%; and 4,
greater than 75%. IHC total score was calculated as the product of both scores. After whole section
examination, IHC score was calculated as the mean score of all the �elds.

2.4 Real-time PCR

Total RNA was extracted with TRIzol reagent (Takara Bio Inc. Japan), qRT-PCR was performed with
SYBR®Premix Ex Taq II (Takara Bio Inc. Japan) after reverse transcribing 1μg of RNA with
PrimeScriptTMRT Master Mix (Takara Bio Inc. Japan). qRT-PCR of the resulting cDNA was performed in
triplicate with gene speci�c primers on ABI-7500 system (Applied Biosystems, USA). Levels were
normalized to β-Actin with the 2–ΔΔCt method and relative to control samples. The primers for qRT-PCR
are listed in Table 1.2.6 Statistical Analyses

2.5 Western blot

Protein samples (40 μg) were mixed with SDS-PAGE loading buffer, boiled at 100℃ for 5 minutes. After
electrophoresis, the proteins were transferred to PVDF membrane �lters (Millipore Biotechnology Inc.,
USA). The membrane was blocked with 5% BSA for 60 minutes at room temperature. The membrane was
incubated with the primary antibodies against the TGF-β1(1;1000, ab92486, Abcam, Cambridge, UK ), α-
SMA (1:1000, ab32575, Abcam, Cambridge, UK), p-Smad3(1:1000, ab52903, Abcam, Cambridge, UK),
Smad3(1:1000,ab40854, Abcam, Cambridge, UK), ERK (1:1000,137F5, Cell Signaling Technology, Inc,
USA) and p-ERK (1:1000, ab201015, Abcam, Cambridge, UK), β-Actin (1:5000, A2228, Sigma, Japan) in
5% BSA overnight at 4℃, washed three times with TBST for 5 minutes each time at room
temperature,and then incubated with secondary antibodies (1:5000, ab150077, Abcam, Cambridge, UK or
1:5000, ab150113, Abcam, Cambridge,UK) for 60 minutes at room temperature. After three additional
washes with TBST, the immune-reactive bands were visualized with enhanced chemiluminescent reagent
(ECL, Millipore Biotechnology Inc., USA) and quanti�ed by Multi Gauge V3.2 (Fuji Film, Japan) analysis
software.
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2.6 Statistical Analyses

   Each experiment was repeated three times and data was recorded and analyzed with Prism 6.0
software. A one-way analysis of variance (ANOVA) was used to test the hypotheses and results with a P-
value <0.05 considered statistically signi�cant.

3. Results
3.1 Physical Status

During the 24 weeks observation period, 1 and 2 mice died in RT group at the 20th and 24th week,
respectively. Six weeks post-irradiation, there was obvious hair whitening in the irradiated area of mice
from RT and RT+EN groups (Fig.1A). Body weights of mice were monitored as a general measure of
clinical status (Fig1.B). Single dose of 16 Gy to the chest obviously reduces the body weight of mice,
whereas this radiation induced side effect was partially attenuated by Endostar treatment from week 12
to the end of observation. As expected, Endostar treatment alone did not alter mouse’s body weight.

3.2 Histopathological changes in lung tissue

(1) HE staining results

In NT and EN treatment groups, the alveolar walls were thin, the capillary walls were intact without
bleeding, with clear structure, and no in�ammatory changes were observed. At the 12th week post-
irradiation, the alveolar walls of mice in RT group were moderately thickened, the alveolar cavity became
smaller, and in�ammatory cells were observed to have in�ltrated the pulmonary interstitium. At the 24th
week post-irradiation, the alveolar walls were signi�cantly thicker than those in NT group, the alveolar
cavity became signi�cantly smaller, with exudative in�ammatory changes observed accompanied by
in�ltration of in�ammatory cells, thickening of the alveolar septum and destruction of alveolar structure.
Fibroblasts were abundant, and focal �brosis appeared in the perivascular, interstitial, atelectasis and
surrounding areas. In RT+EN group, the lung tissue showed scattered in�ltration of in�ammatory cells in
the interstitial tissue, however, the histological changes at each time point were signi�cantly less than
those in RT group (Fig.2A). The assessment of pneumonitis/alveolitis scores further con�rmed that a
reduction of pneumonitis/alveolitis in RT+EN group. (Fig.2B)

Masson’s trichrome staining results

In NT and EN groups, the lung tissue �bers exhibited thin and light staining; the alveolar walls were �ne,
and the lung tissue structures were normal. At 12 and 24 weeks post-irradiation, local �brosis was
observed in lung tissue from RT group, suggesting the formation of pulmonary �brosis. The degree of
local �brosis in  RT+EN group was signi�cantly lower than that in RT group (Fig.3A). The assessment of
pulmonary �brosis scores further con�rmed the reduction of �brosis in RT+EN group (Fig. 3B).

3.3 Endostar reduced collagen deposition and angiogenesis in lung tissue with RIPF

https://fanyi.so.com/?src=onebox#angiogenesis
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In order to explore the impact of Endostar on angiogenesis and pro�brotic cytokines, the expression of
CD31 (angiogenesis marker), Collagen I and Collage IV were analyzed by IHC . The expression levels of
these three proteins were signi�cantly higher in lung tissue from RT group than those from NT and EN
groups. Collagen I and Collagen IV staining were broadly positive in �brous interstitium in RT group. On
the contrary, the amount of CD31, Collagen I and Collagen IV in the bronchi and alveoli were reduced in
RT+EN group compared with RT group. As expected, CD31, Collagen I and Collagen IV expression were
negligible in the lung tissues of NT and EN group (Fig.4 A &B).

3.4. Endostar decreased TGF-β1, VEGF mRNA expression and suppressed myo�broblasts (MFBs)
activation by inhibiting TGF-β1/Smad3/ERK pathway in lung tissue of mice after radiation.

To further evaluate the mechanism of the radioprotective effect of Endostar, the expression of TGF-β1
and VEGF mRNA by RT-PCR, α-SMA, TGF-β1, p-Smad3, Smad3, p-ERK, ERK, β-Actin were assessed by
western blot. TGF-β1 and VEGF mRNA levels was up-regulated in RT group, which were partially reversed
by the treatment of Endostar (Fig. 5A). Western blot analysis demonstrated that the expression of α-SMA,
TGF-β1, p-Smad3, p-ERK increased signi�cantly in RT group, and this expression was reduced in RT+EN
group (Fig.5.B&C). These �ndings indicate that Endostar mitigates radiation-induced �brosis by
suppressing angiogenesis and TGF-β1/Smad3/ERK signaling pathway.

Discussion
In the past ten years, despite the great development of large-scale precision radiotherapy equipments and
medical imaging technology, the side effects caused by radiotherapy are still inevitable. RILI is a common
complication in patients with lung cancer and other thoracic cancers after radiotherapy, and the precise
pathogenic mechanisms remain unknown. Emerging evidence has demonstrated that angiogenesis is
important in the development and progression of pulmonary �brosis [31]. In order to com�rm the effect of
Endostar, which was independently developed by our country scholars of targeting angiogenesis to drug
treatment, the RIPF model of C57BL/6 mice was induced by 16 Gy thorax irradiation with medical
accelerator. In the present study, we demonstrated that Endostar treatment had the following effects: (1)
decreasing collagen deposition; (2) reducing the expression of TGF-β1 and VEGF mRNA; (3) inhibiting
MFBs activation by suppressing TGF-β1/Smad3/ERK signaling pathway. From these �ndings, we
conclude that Endostar may play an important role in the course of pulmonary �brosis induced by
radiation, which may be mediated through its potentially regulatory effects on inhibiting angiogenesis
and TGF-β1/Smad3/ERK pathway.

Endostar is a novel modi�ed Endostatin with an additional nine amino acids puri�ed from Escherichia
coli [11], which has a synergic activity and good safety without increasing side effects of
chemotherapy[32]. In our study, 20mg/kg/d hypodermic injected Endostar had no in�uence on physical
status of mice, suggesting that Endostar is generally safe and tolerable.

As previous studies showed that pretreatment of Endostatin could inhibit the �brosis of human skin
�broblast and its transformation into MFBs[33]. Systemic administration of Endostatin could inhibit the
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rabbit ear local hypertrophic scar formation[34]. Parenteral or intratracheal administration of a peptide
derived from Endostatin could prevent and ameliorate �brosis in a bleomycin-induced pulmonary �brosis
model[35]. These studies indicated that Endostatin had an anti-�brotic effect and might have therapeutic
potential to prevent or reverse organ �brosis which were similar to our �ndings. Our study found that
radiation-stressed mice were featured by the body weight loss, lung tissue alveolitis and �brosis. After
subcutaneous injection of Endostar, the weight loss would be alleviated and histological examination
showed that Endostar alleviated in�ammatory cell in�ltration and reduced the collagen deposition. These
results suggested that Endostar could inhibit the progression of RIPF in mice model.

In 1963, Turner-Warwick M et al. �rst reported the neovascularization increased in the lungs of patients
with IPF [7]. Further evidence strongly suggested that the activation of �broblast proliferation and
accumulation of extracellular matrix (ECM) during the repair process required neovascularization [36-38].
To date, many positive and negative angiogenic were con�rmed to modulate angiogenesis process[39].
Among these, VEGF is a major enhancer of vascular permeability which has been widely reported being
overexpressed in �brotic lungs[40]. Armed with this information, inhibition of VEGF in pulmonary �brosis
may have protective effects against angiogenesis and �brogenesis. In our study, we noted a pronounced
decrease in VEGF mRNA expression after Endostar administration. Meanwhile, Endostar signi�cantly
attenuated the expression of CD31 which was used to measure angiogenesis. We con�rmed the anti-
angiogenic e�ciency and the down regulation of VEGF expression by Endostar in RIPF. This �nding
supported the contribution of VEGF to the �brotic process via angiogenesis induction [41].

Studies on the mechanism of �brosis show that MFBs are the core effector cells in �brosis[42].
Continuously activated MFBs can cause excessive deposition of ECM by secreting excess collagen
(mainly Collagen I ), and the high expression of α-SMA (MFBs marker) can cause excessive contraction of
tissue and decreased compliance, which ultimately leads to �brosis[43-45]. Therefore, MFBs have grown
up to be an important target for anti-�brotic treatment. There are numerous ways to induce the activation
of MFBs, among which TGF-β1 is a key regulator of �brosis that acts through the activation of MFBs[46].
The increase expression of TGF-β1 is considered to be one of signs of RIPF[47]. TGF-β1 induced the
activation of MFBs is mainly regulated by Smad3[48], which can be regulated by Ras / MEK / ERK
pathway[49]. Our results showed that the expression of α-SMA, TGF-β1 and Collagen I were signi�cantly
increased after 12 and 24 weeks of chest irradiation in mice, which mean the activation of MFBs. The
expression level of Smad3 and ERK phosphorylation were signi�cantly elevated as well. The
administration of Endostar signi�cantly inhibited the increased protein level of α-SMA, TGF-β1, p-Smad3
and p-ERK after radiation in lung tissue of mice, indicating Endostar would inhibit the activation of MFBs
by suppressing the TGF-β1/Smad3/ERK pathway, thereby restraining the progression of RIPF.

Conclusion
This study provides evidence that Endostar can effectively inhibit the in�ammatory reaction, collagen
deposition and abnormal angiogenesis associated with pulmonary �brosis by inhibiting VEGF and TGF-
β1/Smad3/ERK pathway. Although our study is based on an animal model that cannot fully recapitulate
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human RIPF, Endostar presents as a promising agent for RIPF treatment. Further investigation should be
explored to in depth understand the speci�c mechanism of action of Endostar, including elucidating the
effector molecules and signal transduction pathways.

Abbreviations
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alveolar-capillary barrier ACB

analysis of variance ANOVA

α-smooth muscle actin α-SMA

basic �broblast growth factor bFGF

bronchoalveolar lavage �uid BALF

distal lung epithelial cel DLEC

extracellular signal-regulated kinase ERK

enhanced chemiluminescent reagent ECL

Endostar alone group EN

extracellular matrix ECM

epithelial-to-mesenchymal transition EMT

hematoxylin-eosin H&E

immunohistochemistry IHC

idiopathic pulmonary �brosis IPF

monocyte chemotactic protein-1 MCP-1

myo�broblasts MFBs

vinorelbine platinum NP

no treatment group NT

non-small cell lung cancer NSCLC

platelet-derived growth factor PDGF

reverse transcription-polymerase chain reaction RT-PCR

radiation-induced lung injury RILI

radiation alone group RT

radiation-induced pulmonary �brosis RIPF

drosophila mothers against decapentaplegic protein 3 Smad3

transforming growth factor-β1 TGF-β1

tumor necrosis factor-α TNF-α

vascular endothelial growth factor VEGF
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Figures

Figure 1

Physical Status. A. The hair of mice in NT and EN groups remained black and glossy, whereas the hair of
mice in RT and RT+EN group turned white and dull at six weeks post-irradiation. B. Body weight of each
mouse was continuously measured and recorded weekly from week 0 to week 24 (***P<0.001, RT group
compared with NT group, # P<0.05, ## P<0.01, RT group compared with RT+EN group).
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Figure 2

HE staining of lung tissue in the different treatment groups at 12 weeks and 24 weeks. A. No signi�cant
histopathologic changes were observed in lung tissue from NT and EN treatment groups. Signi�cant
histopathologic changes were observed in lung tissue from RT treatment group, including in�ltration of
in�ammatory cells and destruction of alveolar structure. This in�ammatory cells in�ltration and
destruction of alveolar structure was signi�cantly reduced in RT+EN treatment group.
(Magni�cation:×200) B. Pneumonitis/alveolitis scores of lung tissue. (n=5,*P<0.05,***P< 0.001)
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Figure 3

Masson’s trichrome staining of lung tissue in the different treatment groups at 12 weeks and 24 weeks. A.
In NT and EN treatment groups, the lung tissue �bers exhibited thin and light staining, and the lung tissue
structures were normal. Masson’s trichrome staining of lung tissue in RT group indicated collagen
deposition, alveolar wall destruction and �brotic areas. RT+EN treatment group displayed signi�cantly
reduced collagen deposition and �brotic lesions compared with RT group (Magni�cation:×200). B.
Fibrosis scores for grading lung histopathological changes (n=5,*P<0.05,**P<0.01,***P< 0.001).
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Figure 4

Endostar reduced collagen deposition and angiogenesis in lung tissue induced by radiation. A. The
expression of CD31, Collagen I and Collagen IV of lung tissue sections based on IHC. B. Responding IHC
scores of lung tissue sections based on IHC (n=5,*P<0.05,**P<0.01,***P< 0.001).

Figure 5

Endostar decreased TGF-β1, VEGF mRNA expression and suppressed myo�broblasts (MFBs) activation
by inhibiting TGF-β1/Smad3/ERK pathway in lung tissue of mice after radiation. A. The expression of
TGF-β1 and VEGF mRNA levels in mice lung tissues of four different groups by RT-PCR analysis (*P<0.05,
**P<0.01). B. Western blot showed the expression of α-SMA, TGF-β1, p-Smad3, Smad3, p-ERK, ERK, β-
Actin proteins in lung tissue of four different groups. C. The protein band density analyzed by imageJ
software, and the results presented as ratio (n=5, *p<0.05,**p<001, ***P<0.001).
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