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Interaction of Src and Alpha-V 
Integrin Regulates Fibroblast 
Migration and Modulates Lung 
Fibrosis in A Preclinical Model of 
Lung Fibrosis
Yin-Ying Lu1,*, Xue-Ke Zhao2,3,*, Lei Yu4, Fei Qi5, Bing Zhai6, Chang-Qing Gao7 & Qiang Ding3

Src kinase is known to regulate fibroblast migration. However, the contribution of integrin and Src 
kinase interaction to lung fibrosis has not been mechanistically investigated. Our data demonstrate 
that integrin alpha v (αV) recruited Src kinase and that leads to subsequent Src activation in fibroblasts 
plated on fibrotic matrix, osteopontin. Src interaction with integrin αV is required for integrin αV-
mediated Src activation, and the subsequent fibroblast migration. The study identified that β5 and β3 
are the major integrins for this effect on osteopontin. In contrast, integrins β1, β6, and β8 did not have 
a critical role in this phenomenon. Importantly, Src inhibitor significantly reduces fibroblast migration 
stimulated by PDGF-BB and reduced in vivo lung fibrosis in mice. Src inhibitor reduced Src activation 
and blocked the signaling transduction by integrin αV, inhibited migration signaling pathways and 
reduced extracellular matrix protein production, and blocked myofibroblast differentiation in vivo 
in mouse lung tissues. The present study supports that the interaction of Src Kinase and integrins 
plays a critical role in the development of lung fibrosis and the signaling involved may present a novel 
opportunity to target deadly fibrotic diseases.

Pulmonary fibrosis (PF) is a chronic lung disease that results in a progressive decline in lung function and death 
with a mean survival of about 5 years1,2. While the pathogenesis of this disease is not fully understood, there 
does appear to be alterations in fibroblast migration and excessive matrix deposition3–9. Fibroblast migration 
into wounded areas and differentiate into myofibroblasts are known as the critical contributing factors leading 
to either normal wound healing and excessive tissue remodeling, fibrotic diseases including PF. Persistent fibro-
blast migration contributes to the expansion of fibrotic lesions in multiple organs and results in excessive tissue 
remodeling10. During fibrotic remodeling, many cytokine and growth factors are expressed and released; some 
are potent mediator of cell migration, for example, PDGF-BB (platelet-derived growth factor) is expressed and 
released during fibrotic remodeling. PDGF-BB has been implicated in many fibrotic diseases, including lung 
fibrosis11, liver fibrosis8, atherosclerosis9, and skin fibrosis12. PDGF-BB is well known for its function in promoting  
cell migration, particularly in cancer cell migration and fibroblast cell migration13,14.

Fibroblasts isolated from human fibrotic organs show increased ability to migration and seem to obtain a 
migratory phenotype3,4. Fibroblast migration and proliferation result in the development of the leading edges of 
progressive fibrotic lesions and the formation of fibrotic lesions generally are able to penetrate the surrounding 
tissues and cause lung epithelial death and lung tissue destruction. Fibroblast migration and proliferation are 
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tightly controlled and regulated by the integrin receptors and the interaction between integrin receptors and 
extracellular matrix3,14.

Cell migration is a complex and coordinated biological process. Protein kinase regulated cell migration is 
involved in the development of lung fibrosis4. Src kinase regulates focal adhesion kinase activation. Src kinase 
binds to focal adhesion kinase and activates it through phosphorylation of the tyrosine 397 (Y397)15–17. The Src 
family kinases are a group of non-receptor tyrosine kinases, and regulate broad cell functions, including migra-
tion, invasion, and growth18–24. Src kinase is activated by autophosphorylation of tyrosine residue 418 (Y418)18,21. 
The c-terminal domain of Src kinase is often myristoylated or palmitoylated to allow for association with the cell 
membrane receptors, such as integrins18,25. This association facilitates the binding of Src kinase to other signaling 
proteins around focal adhesions or integrins, and activate them18,21,23. Although it is known that integrins and 
Src activation are involved in myofibroblast differentiation and lung fibrosis26, the role of integrin and Src kinase 
interaction in fibroblast migration and proliferation, and in lung fibrosis in vivo, is still underexplored.

In this study, we show that pro-fibrotic factor, platelet derived growth factor BB (PDGF-BB), induces Src acti-
vation and lung fibroblast migration. We provide evidences that Src is directly associated with integrin alpha-V 
(α V) in PDGF-BB stimulated lung fibroblasts. The association of Src and integrin α V is important for PDGF-BB 
stimulated fibroblast migration on osteopontin. Our data demonstrate that integrin α V recruited Src kinase and 
that leads to subsequent Src activation in fibroblasts plated on fibrotic matrix, osteopontin. The study identi-
fied that β 5 and β 3 are the major integrins for this effect on osteopontin. Importantly, Src inhibitor significantly 
reduces fibroblast migration stimulated by PDGF-BB and reduced in vivo lung fibrosis in mice. The present study 
supports that the interaction of Src Kinase and integrins plays a critical role in the development of lung fibrosis 
and the signaling involved may present a novel opportunity to target deadly fibrotic diseases.

Results
Src is recruited and directly associated with integrin αV in response to PDGF-BB treatment in 
fibroblasts. Osteopontin is excessively produced and abundantly exists in fibrotic lesions, and reduced osteo-
pontin expression is associated with reduced tubulointerstitial fibrosis27. However, little information is currently 
available regarding the specific integrin receptor(s) involved in fibrotic diseases. As Src senses the extracellular 
stimuli and initiates signaling cascades which are important for cells to correctly response to the extracellu-
lar stimuli under different situations14, we first examine the interaction between Src and osteopontin receptor 
integrin α V in response to one important pro-fibrotic factor, platelet-derived growth factor BB (PDGF-BB), in 
fibroblasts. Human lung fibroblasts were serum starved, plated into osteopontin-coated (10 ug/ml) tissue culture 
wells, and subjected to Western blot assays for Src activation. Src activation was evaluated through tyrosine 416 
phosphorylatio of Src (phosphor-Src), a prominent phosphorylation site of Src kinase18. Src activation induced 
by PDGF-BB is dose-dependent and time-dependent. PDGF-BB-induced Src activation reached two peaks, one 
is at the range of 1–2 ng/ml and the other peak is at the range of 4–8 ng/ml (Fig. 1A,B). In contrast, PDGF-BB did 
not induce significant Src activation in fibroblasts when PDGF-BB was less than 0.5 ng/ml (Fig. 1A,B). Src was 
activated as early as 30 minutes after PDGF-BB stimulation at 4 ng/ml dose in human lung fibroblasts (Fig. 1C,D). 
A late but strong Src activation was shown 24 hrs after PDGF-BB stimulation (Fig. 1C,D). Src activation is steadily 
increased from 0.5–10 hours after PDGF-BB treatment and reached a peak at 24 hours after PDGF-BB treatment 
(Fig. 1C,D).

Although it is known that Src can be activated by interaction with integrins19,25,28–30, the specific role of osteo-
pontin receptor, integrin α V, on Src activation in the context of pro-fibrotic response has not been particularly 
investigated. We investigated the interaction among Src and integrin α V by using coimmunoprecipitation assays 
(Fig. 1E). Human lung fibroblasts were serum starved, treated with PDGF-BB (4 ng/ml), and whole cell lysates 
were immunoprecipitated with specific anti-Src antibody at indicated time points (Fig. 1E). The findings indi-
cate that Src was not associated with integrin α V without PDGF-BB stimulation in fibroblasts (Fig. 1E,F). Upon 
PDGF-BB stimulation, Src was directly associated with integrin α V and the association was peaked 2 hours after 
PDGF-BB stimulation (Fig. 1E,F). These data demonstrate that Src is activated by PDGF-BB in a dose-dependent 
and time-dependent manner, and Src is recruited and directly associated with integrin α V in response to 
PDGF-BB treatment in fibroblasts.

PDGF-BB-induced fibroblast migration is dose-dependent and time-dependent on osteopontin;  
Inhibition of Src activation decreases PDGF-BB-induced fibroblast migration but does not 
block the Src association with osteopontin receptor integrin αV. Src is well known for its role in 
promoting cell migration14,18,25,31–33. The above data show that Src is recruited and directly associated with integrin 
α V in response to PDGF-BB treatment in fibroblasts plated on oteopontin (Fig. 1E,F). We next investigated the 
specific role of Src association with integrin α V on PDGF-BB stimulated fibroblast migration. First, fibroblast 
migration on osteopontin in response to PDGG-BB stimulation has been studied by the wound closure assay at 
the indicated dose- and time (Fig. 2). Control and PDGF-BB-stimulated fibroblasts migration was determined 
and measured. The relative wound areas covered (or the areas invaded by migrating fibroblasts) within 24 hours 
were quantified by densitometry and the findings were analyzed (Fig. 2). PDGF-BB induced fibroblast migration 
in a dose-dependent manner within 24 hours (Fig. 2A). PDGF-BB-stimulated migration rate (wound covered 
area per 24 hour) is positively associated the dose used, with highest migration rate at the range of 4–8 ng/ml 
(Fig. 2A). PDGF-BB induced fibroblast migration is also in a time-dependent manner. The migration rate was 
significantly increased at 10 hours and last up to 48 hours respectively after PDGF-stimulation (Fig. 2B). The max-
imal fibroblast migration rate (Fig. 2A,B) is corresponding to maximal Src activation (Fig. 1C,D) in fibroblasts.

To further understand the role of Src-integrin α V interaction in PDGF-BB-induced cell migration, fibro-
blasts were treated with or without Src inhibitor PP2 at indicated concentrations followed by monolayer 
wound healing closure assay. PP2 inhibits PDGF-BB-induced Src activation (pY416 of Src, phosphor-Src) and 
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PDGF-BB-induced fibroblast migration in a dose-dependent manner (Fig. 2C,D, respectively). PP2 inhibition of 
fibroblast migration (Fig. 2D) is closely associated with its ability to inhibit Src activation (Fig. 2C), supporting 
that Src activation is required for PDGF-BB-induced fibroblast migration. Interestingly, Src inhibitor treatment 
did not block the association between Src and integrin α V, evidenced by that PP2 had no effect on Src- integrin α 
V interaction (Fig. 2E), even at the dose (1 or 5 μ M) which effectively inhibited PDGF-BB-induced Src activation 
and fibroblast migration (Fig. 2D,E). The above data demonstrate that Src activation in response to PDGF-BB is 
both dose- and time-dependent, and Src activation is absolutely required for PDGF-BB-induced fibroblast migra-
tion. The data also suggest that Src-integrin α V interaction may be upstream of Src activation, as Src inhibitor 
blocks Src activation and fibroblast migration on osteopontin but has no effect on Src-integrin α V interaction.

Integrins αVβ5 and αVβ3 are main integrin receptors contributing to Src-mediated fibroblast 
migration and Src activation on osteopontin. The above data (Fig. 2) suggest that Src-integrin α V 
interaction may be upstream of Src activation, as Src inhibitor blocks Src activation and fibroblast migration on 
osteopontin but has no effect on Src-integrin α V interaction. To examine whether integrin α V interacts with 
osteopontin and whether this is upstream of Src activation, we first used blocking antibody against integrin α V 
and investigated its effect on fibroblast migration on osteopontin. Fibroblasts were plated into osteopontin-coated 
tissue culture wells, serum starved, treated with integrin α V blocking antibody or control mouse IgG (mIgG) at 
indicated dose, and migration stimulated by PDGF-BB (4 ng/ml) was determined by monolayer wound healing 

Figure 1. Src is activated in a dose-dependent and time-dependent manner, and directly associated with 
integrin αV in response to PDGF-BB treatment in fibroblasts. (A) Fibroblasts were planted on osteopontin 
(10 μ g/mg), serum starved, treated with PDGF-BB for overnight, and lysed for Western blot. (B) Densitometry 
of Src activation. pY416 of Src levels were normalized to total Src levels. Data were represented as the percentage 
of Src activation relative to that in highest dose (8 ng/ml, set as 100%). (C) Cell lysates were Western blotted with 
indicated antibodies. (D) Densitometry of Src activation from Panel C. pY416 of Src levels were normalized to 
total Src levels. Data were represented as the percentage of Src activation relative to that in longest time point 
(24 hours, set as 100. (E) Whole cell lysates were used for coimmunoprecipitation with anti- α V IgG, followed 
by Western blotted with anti-Src antibody to examine the Src-α V interaction. (F) Densitometry of Src-α V 
association from Panel E. Data were represented as the percentage of association elative to that in longest time 
point (24 hours, set as 100%). *Represents <  0.01.
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closure assay. Osteopontin has multiple integrin receptors, including α Vβ 5, α Vβ 3. Integrin α V blocking antibody 
significantly blocked PDGF-BB-stimulated migration on osteopontin (Fig. 3A). Integrin α V blocking antibody 
reduced about 91% migration when compared to control IgG, p <  0.001), demonstrating that Integrin α V is the 
main integrin osteopontin receptor mediating the PDGF-BB-stimulated fibroblast migration on osteopontin. 
Integrin β 5 or β 3 blocking antibody inhibited about 75% or 51% of fibroblast migration on osteopontin (Fig. 3B), 
suggesting that α Vβ 5 and α Vβ 3 have overlapping functions in mediating PDGF-BB-stimulated migration on 
osteopontin. Blocking integrin β 1, β 6, or β 8 individually inhibited about 6–8% of fibroblast migration on osteo-
pontin (Fig. 3B), indicating that they play a minor role. This is further supported by that blocking integrin α v 
inhibited about 92% of fibroblast migration on osteopontin (Fig. 3B), supporting that integrin β 1, β 6, and β 8 play 
a minor role in mediating fibroblast migration on osteopontin.

As Integrin α V is the main integrin osteopontin receptor mediating the PDGF-BB-stimulated fibroblast 
migration on osteopontin (Fig. 3A), we next studied the role of integrin α V binding to osteopontin on Src 

Figure 2. PDGF-BB-induced fibroblast migration is dose-dependent and time-dependent on osteopontin; 
Inhibition of Src activation decreases PDGF-BB-induced fibroblast migration but does not block the Src 
association with osteopontin receptor integrin αV. (A) Fibroblasts were plated on osteopontin (10 μ g/mg),  
serum-starved, wounded, treated with PDGF-BB or vehicle, and wound area was monitored for 24 hours 
at 37 °C. Data plotted as % of wound area covered over 24 hours relative to vehicle treated fibroblasts. (B) 
Fibroblasts were treated as Panel A and with PDGF-BB (4 ng/ml) or vehicle. (C) Fibroblasts were treated as 
Panel A with PDGF-BB (4 ng/ml), followed by Src inhibitor PP2 with indicated dose overnight, and lysed 
Western blotted. (D) Fibroblasts were wounded and treated with PDGF-BB (4 ng/ml) or vehicle, followed by 
PP2 (1 μ M), and the monolayer wound area was monitored for 24 hours at 37 °C. (E) Fibroblasts were treated as 
in Panel A, followed by PDGF-BB (4 ng/ml) and Src inhibitor PP2 overnight. Whole cell lysates were used for 
coimmunoprecipitation with anti-α V, followed by Western blotted with anti-Src antibody to examine the Src-α 
V interaction. *Represents <  0.01. #Represents <  0.05.
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activation. Integrin α V blocking antibody significantly blocked PDGF-BB-stimulated Src activation (Fig. 3C). 
Integrin α V blocking antibody or control IgG did not block unstimulated Src activation in cells plated on osteo-
pontin (Fig. 3C, without PDGF-BB). Importantly, integrin α V blocking antibody interrupted the association of 
Src with integrin α V in PDGF-BB-stimulated fibroblasts (Fig. 3D), demonstrating that integrin α V binding to 
osteopontin is necessary for Src association with integrin α V and subsequent Src activation.

Src inhibitor attenuates lung fibrosis in a preclinical mouse lung fibrosis model, in bleomycin- 
challenged mice. To determine the functional role of Src in the development of lung fibrosis, the effect 
of Src inhibitor on lung fibrosis was determined by using the animal model of lung fibrosis induced by bleo-
mycin. Bleomycin is widely used as a chemotherapy reagent but has a toxic side effect and induces lung fibro-
sis in human and mouse34. Animals were challenged with bleomcyin or saline, followed by treatment of PP2 
or vehicle (saline) daily for 21 days. Src inhibitor PP2 protects lung fibrosis in bleomycin-challenged animals 
(Fig. 4A). Morphometric analysis of lung tissue sections reveals an approximately 1.3-fold decrease (p <  0.01) 
in fibrotic score in the bleomycin-challenged mice treated with Src inhibitor, when compared to that in 
bleomycin-challenged mice treated with vehicle only (Fig. 4B, Ashcroft score). There was no difference in the 
minimal fibrotic score observed in the lung parenchyma between animals treated with Src inhibitor or control 
vehicle in the unchallenged state (Fig. 4B). Using the quantifiable measure of hydroxyproline for the total collagen 
content in whole lung tissues, Src inhibitor significantly decreased total collagen levels in bleomycin-challenged 
mice when compared to that in vehicle treated mice (Fig. 4C, about a 1.25-fold decrease, p <  0.01), demonstrating 
the Src inhibitor significantly reduced lung fibrosis. No differences on basal collagen content were noted between 
animals treated with Src inhibitor and animals treated with vehicle only (Fig. 4C) or animals in unchallenged/
basal conditions (data not shown). Src activation is significantly increased in response to bleomycin challenge 
when compared to vehicle saline treatment (Fig. 4D, lanes 1–5 versus lanes 11–12). Src inhibitor PP2 significantly 
reduced Src activation in bleomycin-treated lungs (Fig. 4D, lanes 6–10 versus lanes 1–5), supporting that Src 
inhibitor blocks Src activation and attenuates lung fibrosis in animal model of lung fibrosis.

Figure 3. Integrins αVβ5 and αVβ3 are main integrin receptors contributing to Src-mediated fibroblast 
migration and Src activation on osteopontin. (A) Fibroblasts were planted on osteopontin (OPN, 10 μ g/mg), 
serum starved, wounded as in Panel A, treated with PDGF-BB (4 ng/ml), followed by α V integrin blocking 
antibody. The monolayer wound area was monitored for 24 hours at 37 °C. Data plotted as % of wound area 
covered over 24 hours relative to control IgG treated fibroblasts (bar 1, defined as 100%). (B) Fibroblasts were 
treated as in Panel A and with PDGF-BB (4 ng/ml), followed by indicated integrin blocking antibodies or 
control mouse IgG. The monolayer wound area was monitored for 24 hours at 37 °C. Data were plotted as % 
of wound area covered over 24 hours relative to control IgG treated fibroblasts. (C) Fibroblasts were treated as 
in Panel A and lysed for Src activation. (D) Fibroblasts were treated as in Panel A and lysed. Whole cell lysates 
were used for coimmunoprecipitation with anti-α V IgG, followed by Western blotted with anti-Src antibody to 
examine the Src-α V interaction. *Represents <  0.01.
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Src inhibitor decreases activation and expression of proteins that mediate cell migration and 
myofibroblast differentiation in vivo. It is likely that Src inhibitor protects lung fibrosis by blocking 
multiple pro-fibrotic pathways and mechanisms in bleomycin-challenged mice. As above data support that Src 
plays an essential role in fibroblast migration, one possible underlying mechanism for the protective effect of Src 
inhibitor is a decrease in mesenchymal cell or fibroblast migration or proliferation as Src is known to promote 
cancer cell proliferation30,31,35,36. We therefore assessed the effect of Src inhibitor on the activity/expression of 
key cell migration regulatory proteins in vivo (i.e., Src, Rac, and cyclin D1, a cell proliferation driver). We first 
noted that activation of Src (pY416 of Src, phosphor-Src) and Rac (GTP-bound form), and increased cyclin D1 
expression, are part of the fibrogenic process, as their active form (Src and Rac) or expression of cyclin D1 is 
increased in bleomycin challenged mice when compared to non-fibrotic, saline-challenged controls (Figs 4D 
and 5A, respectively). Src inhibitor significantly decreased Src activation (Fig. 4D) and active Rac (Fig. 5A) in 
bleomycin-challenged mice when compared to vehicle treated mice. Src inhibitor significantly reduced cyclin D1 
expression in bleomycin-challenged mice when compared to vehicle treated mice (Fig. 5A). Whole lung fibronec-
tin and procollagen-1 levels after bleomycin challenge are increased in mouse lung tissues when compared to that 
in saline-treated control mice (Fig. 5C, lanes 1–5 versus lanes 11–12). Src inhibitor significantly decreased the 
whole lung fibronectin and procollagen-1 levels in bleomycin-challenged mice when compared to vehicle treated 
mice (Fig. 5C, lanes 1–5 versus lanes 6–10). In addition, Src inhibitor significantly reduced α -smooth muscle 

Figure 4. Src inhibitor protects lung fibrosis in bleomycin-challenged mice. (A) Mice were instilled 
with saline (Sal) or bleomycin (Bleo) and followed by daily treatment of PP2 (50 mg/kg, i.p. injection) or 
vehicle. Lung tissues at day 21 were HE stained (200× ). (B) The severity of lung fibrosis was examined 
morphometrically and represented by Ashcroft Score. (C) Lung hydroxyproline level was measured and 
represented as % hydroxyproline normalized to that in vehicle-challenged mice. (D) Lung tissue lysates were 
Western blotted. (E) Densitometry of Src activation from Panel D. pY416 of Src levels were normalized to total 
Src levels. Data were represented as the fold of Src activation relative to that in the control vehicle and saline 
treated group. (F) Densitometry of total Src protein from Panel D. Src levels were normalized to G3PDH levels. 
Data were represented as the fold of Src relative to that in the control vehicle and saline treated group. Per 
experimental group had 8–12 mice. Data were represented as mean +  SE. * represents p <  0.01.
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actin (SMA) expression, a marker for myofibroblast, in bleomycin-challenged mice when compared to vehicle 
treated mice (Fig. 5C, lanes 1–5 versus lanes 6–10). These data demonstrate that Src inhibitor blocks activation 
and expression of proteins that mediate cell migration and myofibroblast differentiation in vivo.

Discussion
Our study demonstrates that PDGF-BB induces Src activation and lung fibroblast migration in a dose-dependent 
and time-dependent manner. Upon PDGF-BB stimulation, Src is quickly and directly associated with integrin α V 
in PDGF-BB stimulated lung fibroblasts plated on osteopontin. The association of Src and integrin α V is essential 
for Src activation and Src-mediated fibroblast migration. Our results first time show that Src mediates PDGF-BB 
stimulated fibroblast migration largely via integrin. Integrin α Vβ 5 and α Vβ 3 contribute to about 90% of this 

Figure 5. Src inhibitor decreases activation and expression of proteins that mediate cell migration, 
proliferation, and myofibroblast differentiation in vivo. (A) Mice were instilled with saline or bleomycin 
and followed by daily treatment of PP2 or vehicle (Veh). Lung tissue lysates at day 21 were Western blotted. (B) 
Relative quantification of active Rac in Panel A. (C) Relative quantification of cyclin D1 in Panel A. (D) Lung 
lysates were Western blotted with indicated antibodies. (E) Relative quantification of alpha-SMA in Panel C. (F) 
Relative quantification of pro-collagen in Panel C. (E) Relative quantification of fibronectin (FN) in Panel C.
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effect and their function is overlapped. Integrins β 1, β 6, and β 8 contribute to about 5% effects of Src-mediated 
fibroblast migration on osteopontin. Src inhibitor significantly reduces PDGF-BB stimulated fibroblast migration. 
Importantly, our data demonstrate that Src inhibitor protects bleomycin-induced lung fibrosis in mice. These data 
demonstrate that Src mediates fibroblast migration mainly via integrin integrin α V and targeting Src signaling is 
an effective therapeutic strategy against fibrosis.

Persistent development and expansion of fibrotic lesions leads to persistent fibrotic remodeling in affected 
organs. PDGF-BB is a pro-fibrotic factor. PDGF-BB has been implicated in many fibrotic diseases, including 
lung fibrosis11, liver fibrosis8, atherosclerosis9, and skin fibrosis12. PDGF-BB is well known for its function in pro-
moting cell migration, particularly in cancer cell migration and fibroblast cell migration13,14. The PDGF-BB level 
is increased in fibrotic response8,9,11,12; therefore, the formation of these “leading edges” in fibrotic tissues likely 
results from persistent fibroblast migration stimulated by PDGF-BB). Fibrotic fibroblasts from human fibrotic 
lung tissues show increased cell migration3. That likely contributes to development of the leading edges of pro-
gressive fibrotic lesions, as well as facilitates the formation of fibrotic reticulum penetrating the surrounding tis-
sues and extends the fibrotic scar into surrounding tissues. Cell migration is a complex and coordinated biological 
process. It is likely that the combination of cell signaling initiated by integrins and ECM may direct fibroblast 
migration and the direction of fibroblast migration3,14; however, their functions in fibrosis have not been com-
pleted revealed. TGF-β 1 is known as a major fibrotic mediator by increasing ECM protein accumulation, and 
it regulates lung fibrosis through signaling pathways mediated by Src or other integrin associated proteins4,37. 
However, TGF-β 1 is less potent to induce cell migration but stimulates myofibroblast phenotype and epithelial to 
mesenchymal transition38,39. PDGF-BB has been shown to increase cell migration in primary lung cells isolated 
from pulmonary fibrosis patients40.

Src is required for the signaling cascade initiated by the interaction between integrins and ECM proteins, 
such as osteopontin. Our data demonstrate that Src activation is dependent upon the PDGF-BB dose, as well 
as the treated time (Fig. 1A,D). The data indicate that Src is quickly recruited and directly associated with inte-
grin α V in response to PDGF-BB treatment in fibroblasts plated on osteopontin (Fig. 1E,F). Our data support 
that osteopontin likely contributes to persistent fibrotic development through Src activation and Src-mediated 
fibroblast migration. However, little information is currently available regarding the specific integrin receptor(s) 
involved. The findings demonstrate that integrins α Vβ 3 and α Vβ 5 are main integrin receptors contributing to 
Src-mediated fibroblast migration and Src activation on osteopontin (Fig. 3). In contrast, integrin β 1, β 6, or β 8 
play a minor role in mediating fibroblast migration on osteopontin (Fig. 3), but they may have distinct role in reg-
ulating cellular function which are not specifically investigated in the present study. Integrin integrin α V plays a 
major role in Src activation induced by PDGF-BB (Fig. 3). Integrin integrin α V blocking antibody largely blocked 
PDGF-BB-stimulated Src activation (Fig. 3), as well as interrupted the association of Src with integrin integrin 
α V in PDGF-BB-stimulated fibroblasts (Fig. 3). These data demonstrate that integrin integrin α V binding to 
osteopontin is necessary for Src association with integrin integrin α V and subsequent Src activation in response 
to PDGF-BB.

Src inhibitor PP2 inhibits PDGF-BB-induced Src activation and fibroblast migration in a dose- and 
time-dependent manner (Fig. 1). Interestingly, Src inhibitor treatment did not block the association between 
Src and integrin integrin α V, evidenced by that PP2 had no effect on Src- integrin α V interaction (Fig. 1E), even 
at the dose (1 or 5 μ M) which effectively inhibited PDGF-BB-induced Src activation and fibroblast migration 
(Fig. 1D,E). These data demonstrate that Src activation is absolutely required for PDGF-BB-induced fibroblast 
migration, which has not known previously. At the same time, the above data also demonstrate that Src activation 
requires the integrin α V-binding to osteopontin and Src-integrin α V interaction is upstream of Src activation.

As Src senses the extracellular stimuli and initiates signaling cascades which are important for cells to cor-
rectly response to the extracellular stimuli under different situations, targeting Src signaling may interrupt the 
persistent fibrosis. To determine the functional role of Src in the development of lung fibrosis, the effect of Src 
inhibitor on lung fibrosis was determined by using the animal model of lung fibrosis induced by bleomycin. 
Bleomycin lung fibrosis model is controversial but is widely used and extensively published34,41–43. Src inhibitor 
protects lung fibrosis in bleomycin-challenged animals (Fig. 4). Src inhibitor significantly inhibited Src activation 
in bleomycin-challenged mice. Src inhibitor significantly reduced fibrotic score and total lung collagen content 
in bleomycin-challenged mice, supporting that Src inhibitor is protective against the pro-fibrotic effects of bleo-
mycin. These data supporting that Src inhibitor blocks Src activation and attenuates lung fibrosis in animal model 
of lung fibrosis. Our findings are consistent with previous published data that inhibition of Src kinase has been 
shown to inhibit hypertrophic scar and lung fibrosis26,44. Our results confirm the anti-fibrotic effects published 
previously and extend to further understand the underling molecular mechanisms. It is likely that Src inhibitor 
protects lung fibrosis by blocking multiple pro-fibrotic pathways and mechanisms in bleomycin-challenged mice. 
Our findings support that one underlying mechanism for the protective effect of Src inhibitor is a decrease in 
fibroblast migration and proliferation in animals treated with Src inhibitor. Src inhibitor significantly reduced 
the activity/expression of key cell migration and proliferation regulatory proteins (i.e., Src, Rac, and cyclin D1) 
in bleomycin-challenged mice. During cell migration, cytoskeletal actin polymerization often lead to lamellipo-
dia formation mediated by GTPase, Rac45–47. Rac mediated cell signaling is important for cell migration45–47. 
Rac has been implicated in cell migration downstream signaling of Src45–47. In fact, fibrotic lung tissues (from 
bleomycin-challenged mice) show significant activation of Src and Rac (GTP-bound form), and significant 
increased cyclin D1 expression; therefore, they are part of the fibrogenic process (Figs 4 and 5). These data sup-
port that Src inhibitor decreases activation and expression of proteins that mediate cell migration and prolif-
eration, and myofibroblast differentiation. Additional supports are that Src inhibitor decreased the whole lung 
fibronectin and procollagen-1 levels, and reduced α -SMA expression (a myofibroblast differentiation marker) 
in bleomycin-challenged mice. Myofibroblast differentiation is one main driving force of fibrosis48,49. These data 
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suggest that Src inhibitor blocks the development of fibrotic lesions at least through inhibition of fibroblast migra-
tion, ECM protein production, and myofibroblast differentiation.

Increased cell migration during fibrotic reactions is continuously supported3,50–53. Understanding the signa-
ling pathways contributing to increased fibroblast migration is important to develop more effective therapy for 
lung, liver, and other fibrosis as protein kinase and GTPase can be targeted and are involved14,54–56. This current 
study is limited to know whether manipulation of cell migration signaling downstream of Src will change the 
cellular behavior and lung injury and repair in response to pro-fobrotic stimuli. We demonstrate that increased 
activation of Src and Rac, as well as increased cyclin D1 expression in fibrotic lung tissues, and Src inhibitor sig-
nificantly inhibited these effects. Fibroblast migration has been considered as one important factor of fibrosis, a 
dysregulated Src signaling may promote fibroblast migration and that could be one mechanism for the progres-
sive fibrosis in lung, liver, cardiovascular system, kidney, and other organs. Pharmacological reagents targeting 
the dysregulated Src signaling57 or Src interaction with ECM protein via specific integrins may have potential 
effective and therapeutic effects for fibrosis in these vital organs.

Methods
Reagents. The following reagents and antibodies were commercially purchased: PDGF-BB (R&D Systems), 
anti-phospho-Src [pY416] (Cell Signaling), anti-Src (Upstate Biotechnology), mouse IgG (Molecular Probes), 
beta-1 (β 1), β 6, α Vβ 3, α Vβ 5, α V, and β 8 (Abcam), pro-collagen, fibronectin (FN), anti-cyclin D1, and beta-actin 
(Santa Cruz Biotechnology), PP2, anti-α -SMA mouse IgG, fibronectin (FN), bleomycin, and other chemicals 
(Sigma).

Cell Culture and Western Blotting. Normal human lung fibroblasts were from the American Type Culture 
Collection (ATCC) (Manassas, VA). Fibroblasts were cultured in Dulbecco’s modified Eagle’s medium contain-
ing 10% FBS and supplemented with penicillin/streptomycin/gentamycin. Early passages were used. Fibroblasts 
were lysed in detergent buffer (with 1% NP-40 and inhibitors: PMSF, Aprotinin, Leupeptin, Sodium Vanadate, 
and TLCK). The BCA kit (Pierce, Rockford, IL) was used to determine the protein concentration of cell or lung 
lysate. Same amount of whole cell detergent or lung tissue lysates were Western blotted by 12% SDS PAGE gel 
and transferred to Immobilon membrane, incubated with indicated antibodies, and developed with ECL system 
(Pharmacia). For loading control, the expression of beta-actin was used. Densitometric analysis of band intensity 
was determined by a pool of films by using standard analysis software (Adobe Photoshop).

Wound closure monolayer/scratch motility assay. Cells were harvested with buffered EDTA, sus-
pended in DMEM with 1% BSA, and plated into tissue culture plates (average 1 ×  105 cells/well in 24 well format). 
The cell migration and haptotactic fibroblast migration assays were performed at 24 hour. The cells was scratched, 
digital pictures were obtained immediately after scratching and again at the end of the assay. To calculate the 
areas of wound without cells after scratching and the remaining areas without cells at the end, the digital images 
were used. The covered wound area due to cell migration was equal to the difference between the begin and end 
areas, and the results were normalized to the control-treated cell migration groups. The osteopontin-mediated 
cell migration was examined in Boyden-type chambers (8 μ m), cells (4 ×  104 cells) were plated onto osteopontin 
(10 μ g/ml) coated bottom surface in DMEM with 1% BSA, and the cell migration was studied for 6 hours at 37 °C 
and 5% CO2. Cells were removed from the upper surface of the filter. The migrated cells on the lower filter surface 
were fixed, stained, and counted. Data are presented as the mean ±  SE.

Coimmunoprecipitation Assays. Coimmunoprecipitation analysis assays was performed. Briefly, equiva-
lent microgram of protein lysate from each sample was incubated with sepharose-coupled antibody toward Src or 
Alpha-V overnight at 4 degree, washed, subjected to 12% SDS–PAGE gel Westeren blot analysis.

In Vivo Lung Fibrosis Animal Model and Lung Fibrosis Analysis. All animal interventions were 
approved by local IACUC at Guizhou Medical University, Central South University, and University of Alabama 
at Birmingham. All methods were performed in accordance with the relevant ethical guidelines and regulations. 
Mice (C57Bl6, 8–11 weeks, female and male) were anesthetized and bleomycin (2 U/kg body weight in 50 μ l 
saline) or saline vehicle alone (50 μ l) was slowly instilled through airway to lungs by using an intratracheal cath-
eter. For animals treated with Src inhibitor, the animals were i.p injected everyday with 50 mg/kg PP2 based on 
information provided by vendor and published data. Control animals were i.p injected everyday with vehicle. 
The animals were euthanized and lung tissues were harvested at day 21 after bleomycin treatment. The lung 
tissues were used for histological and biochemical studies, and for protein and cell migration signaling analysis. 
To collect lung tissue for histological studies, the lung tissues were fixed in paraffin. To collect lung tissue for 
histological studies, the lung tissues were fixed and paraffin embedded. Analysis of whole lung protein extracts 
was performed. Whole lung homogenates were prepared in detergent buffer (1% NP-40) with inhibitors (100 μ M 
phenylmethanesulfonyl fluoride (PMSF), 10 μ g/ml Aprotinin, 10 μ g/ml Leupeptin, and 100 μ M Sodium Vanadate, 
and 20 μ g/ml TLCK using a polytron (Brinkmann Instruments, Westbury, NY). The resultant supernatants after 
centrifugation (14,000 ×  g for 20 min at 4 °C) were analyzed by Western blot analysis immediately or stored at 
− 80 °C until used.

Total Lung collagen Accumulation for Fibrosis Analysis. The whole lung collagen level was deter-
mined by whole lung hydroxyproline level. The harvested lungs were hydrolyzed in 6 M HCl at 110 °C for 
24 hours, and the amount of hydroxyproline in the above lung acid-hydrolysates was performed by colorimetric 
assay as described previously58.
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Rac Activation Assays for Cell Migration Signaling. It is well known that Rac activation leads to 
increased cell migration. Rac activation was determined by the level of GTP-bound form of Rac in lung tissues 
in vivo. Lung tissues were harvested from control and experimental animal groups and whole lung lysates were 
prepared as described above. Same amount of cell or tissue lysates were reacted with agarose-bound p21-activated 
kinase-1 binding domain and co-immunoprecipitates were analyzed by SDS-PAGE gel followed by Western blot-
ted and anti-Rac IgG. Total Rac protein levels were examined by Western blots and the total Rac protein levels 
were used to analyze the ratio of Rac activation and also serve as a loading control.

Statistics. Student t-test was used to analyze and compare the data between two groups (Sigma Plot). Data all 
were pooled and shown as means ±  SE. Results were pooled from three to four experiments. For animal studies, 
each experimental or control group contained 5 to 6 animals and repeated twice. A p value of <  0.05 was consid-
ered statistically significant.

References
1. Strand, M. J. et al. Pulmonary function and survival in idiopathic vs secondary usual interstitial pneumonia. Chest 146, 775–785 

(2014).
2. Tomassetti, S. et al. The impact of lung cancer on survival of idiopathic pulmonary fibrosis. Chest 147, 157–164 (2015).
3. White, E. S. et al. Integrin alpha4beta1 regulates migration across basement membranes by lung fibroblasts: a role for phosphatase 

and tensin homologue deleted on chromosome 10. American Journal of Respiratory and Critical Care Medicine 168, 436–442 (2003).
4. Ding, Q. et al. FAK-related nonkinase is a multifunctional negative regulator of pulmonary fibrosis. Am. J. Pathol. 182, 1572–1584 

(2013).
5. Gressner, A. M. & Weiskirchen, R. Modern pathogenetic concepts of liver fibrosis suggest stellate cells and TGF-beta as major 

players and therapeutic targets. J. Cell Mol. Med. 10, 76–99 (2006).
6. Chapman, H. A. Disorders of lung matrix remodeling. J. Clin. Invest 113, 148–157 (2004).
7. Moore, B. B. & Hogaboam, C. M. Murine models of pulmonary fibrosis. Am. J. Physiol Lung Cell Mol. Physiol 294, L152–L160 

(2008).
8. Hackl, N. J. et al. Circulating fibronectin isoforms predict the degree of fibrosis in chronic hepatitis C. Scand. J. Gastroenterol. 45, 

349–356 (2010).
9. Heldin, C. H. & Westermark, B. Mechanism of action and in vivo role of platelet-derived growth factor. Physiol Rev. 79, 1283–1316 

(1999).
10. King, T. E. Jr. et al. Idiopathic pulmonary fibrosis: relationship between histopathologic features and mortality. American Journal of 

Respiratory and Critical Care Medicine 164, 1025–1032 (2001).
11. Wollin, L. et al. Mode of action of nintedanib in the treatment of idiopathic pulmonary fibrosis. Eur. Respir. J. 45, 1434–1445 (2015).
12. Akhmetshina, A. et al. Rho-associated kinases are crucial for myofibroblast differentiation and production of extracellular matrix in 

scleroderma fibroblasts. Arthritis Rheum. 58, 2553–2564 (2008).
13. Woodard, A. S. et al. The synergistic activity of alphavbeta3 integrin and PDGF receptor increases cell migration. J. Cell Sci. 111 ( Pt 

4), 469–478 (1998).
14. Parsons, J. T. Focal adhesion kinase: the first ten years. Journal of Cell Science 116, 1409–1416 (2003).
15. Reiske, H. R., Zhao, J., Han, D. C., Cooper, L. A. & Guan, J. L. Analysis of FAK-associated signaling pathways in the regulation of cell 

cycle progression. FEBS Lett. 486, 275–280 (2000).
16. Siesser, P. M. et al. A FAK/Src chimera with gain-of-function properties promotes formation of large peripheral adhesions associated 

with dynamic actin assembly. Cell Motil. Cytoskeleton 65, 25–39 (2008).
17. Hauck, C. R., Hsia, D. A. & Schlaepfer, D. D. The focal adhesion kinase—a regulator of cell migration and invasion. IUBMB. Life 53, 

115–119 (2002).
18. Ahluwalia, M. S., de Groot, J., Liu, W. M. & Gladson, C. L. Targeting SRC in glioblastoma tumors and brain metastases: rationale and 

preclinical studies. Cancer Lett. 298, 139–149 (2010).
19. Boggon, T. J. & Eck, M. J. Structure and regulation of Src family kinases. Oncogene 23, 7918–7927 (2004).
20. Okutani, D., Lodyga, M., Han, B. & Liu, M. Src protein tyrosine kinase family and acute inflammatory responses. Am. J. Physiol Lung 

Cell Mol. Physiol 291, L129–L141 (2006).
21. Calalb, M. B., Polte, T. R. & Hanks, S. K. Tyrosine phosphorylation of focal adhesion kinase at sites in the catalytic domain regulates 

kinase activity: a role for Src family kinases. Molecular Cell Biology 15, 954–963 (1995).
22. Mariotti, A. et al. EGF-R signaling through Fyn kinase disrupts the function of integrin alpha6beta4 at hemidesmosomes: role in 

epithelial cell migration and carcinoma invasion. J. Cell Biol. 155, 447–458 (2001).
23. Ding, Q., Stewart, J. Jr., Olman, M. A., Klobe, M. R. & Gladson, C. L. The pattern of enhancement of Src kinase activity on platelet-

derived growth factor stimulation of glioblastoma cells is affected by the integrin engaged. J. Biol. Chem. 278, 39882–39891 (2003).
24. Che, P. et al. S100A4 promotes pancreatic cancer progression through a dual signaling pathway mediated by Src and focal adhesion 

kinase. Sci. Rep. 5, 8453 (2015).
25. Aleshin, A. & Finn, R. S. SRC: a century of science brought to the clinic. Neoplasia. 12, 599–607 (2010).
26. Hu, M. et al. Therapeutic targeting of SRC kinase in myofibroblast differentiation and pulmonary fibrosis. J. Pharmacol. Exp. Ther. 

351, 87–95 (2014).
27. Kim, J. H. et al. Influence of cyclosporine A on glomerular growth and the effect of mizoribine and losartan on cyclosporine 

nephrotoxicity in young rats. Sci. Rep. 6, 22374 (2016).
28. Bartscht, T., Lehnert, H., Gieseler, F. & Ungefroren, H. The Src family kinase inhibitors PP2 and PP1 effectively block TGF-beta1-

induced cell migration and invasion in both established and primary carcinoma cells. Cancer Chemother. Pharmacol. 70, 221–230 
(2012).

29. Donato, D. M., Ryzhova, L. M., Meenderink, L. M., Kaverina, I. & Hanks, S. K. Dynamics and mechanism of p130Cas localization 
to focal adhesions. J. Biol. Chem. 285, 20769–20779 (2010).

30. Finn, R. S. Targeting Src in breast cancer. Ann. Oncol. 19, 1379–1386 (2008).
31. Baselga, J. et al. Phase I safety, pharmacokinetics, and inhibition of SRC activity study of saracatinib in patients with solid tumors. 

Clin. Cancer Res. 16, 4876–4883 (2010).
32. Bertotti, A. et al. Inhibition of Src impairs the growth of met-addicted gastric tumors. Clin. Cancer Res. 16, 3933–3943 (2010).
33. Chen, M., Sastry, S. K. & O’Connor, K. L. Src kinase pathway is involved in NFAT5-mediated S100A4 induction by hyperosmotic 

stress in colon cancer cells. Am. J. Physiol Cell Physiol 300, C1155–C1163 (2011).
34. Adamson, I. Y. Pulmonary toxicity of bleomycin. Environ. Health Perspect. 16, 119–126 (1976).
35. Han, N. M., Curley, S. A. & Gallick, G. E. Differential activation of pp60(c-src) and pp62(c-yes) in human colorectal carcinoma liver 

metastases. Clin. Cancer Res. 2, 1397–1404 (1996).
36. Purnell, P. R. et al. The Src inhibitor AZD0530 blocks invasion and may act as a radiosensitizer in lung cancer cells. J. Thorac. Oncol. 

4, 448–454 (2009).



www.nature.com/scientificreports/

1 1SCientifiC RePoRtS | 7:46357 | DOI: 10.1038/srep46357

37. Shan, B. et al. Thy-1 attenuates TNF-alpha-activated gene expression in mouse embryonic fibroblasts via Src family kinase. PLoS. 
ONE. 5, e11662 (2010).

38. Shan, B. et al. Requirement of HDAC6 for transforming growth factor-beta1-induced epithelial-mesenchymal transition. J. Biol. 
Chem. 283, 21065–21073 (2008).

39. Hinz, B. & Gabbiani, G. Cell-matrix and cell-cell contacts of myofibroblasts: role in connective tissue remodeling. Thromb. Haemost. 
90, 993–1002 (2003).

40. Cai, G. Q. et al. Downregulation of FAK-related non-kinase mediates the migratory phenotype of human fibrotic lung fibroblasts. 
Exp. Cell Res. 316, 1600–1609 (2010).

41. Degryse, A. L. et al. Repetitive intratracheal bleomycin models several features of idiopathic pulmonary fibrosis. Am. J. Physiol Lung 
Cell Mol. Physiol 299, L442–L452 (2010).

42. Kim, K. K. et al. Epithelial cell alpha3beta1 integrin links beta-catenin and Smad signaling to promote myofibroblast formation and 
pulmonary fibrosis. J. Clin. Invest 119, 213–224 (2009).

43. Pittet, J. F. et al. TGF-beta is a critical mediator of acute lung injury. J. Clin. Invest 107, 1537–1544 (2001).
44. Su, L. et al. Simultaneous deactivation of FAK and Src improves the pathology of hypertrophic scar. Sci. Rep. 6, 26023 (2016).
45. Hildebrand, J. D., Taylor, J. M. & Parsons, J. T. An SH3 domain-containing GTPase-activating protein for Rho and Cdc42 associates 

with focal adhesion kinase. Mol. Cell Biol. 16, 3169–3178 (1996).
46. Zhai, J. et al. Direct interaction of focal adhesion kinase with p190RhoGEF. J. Biol. Chem. 278, 24865–24873 (2003).
47. Iwanicki, M. P. et al. FAK, PDZ-RhoGEF and ROCKII cooperate to regulate adhesion movement and trailing-edge retraction in 

fibroblasts. J. Cell Sci. 121, 895–905 (2008).
48. Balestrini, J. L., Chaudhry, S., Sarrazy, V., Koehler, A. & Hinz, B. The mechanical memory of lung myofibroblasts. Integr. Biol. 

(Camb.) 4, 410–421 (2012).
49. du Bois, R. M. Mechanisms of scleroderma-induced lung disease. Proc. Am. Thorac. Soc. 4, 434–438 (2007).
50. Tager, A. M. et al. The lysophosphatidic acid receptor LPA1 links pulmonary fibrosis to lung injury by mediating fibroblast 

recruitment and vascular leak. Nat. Med. 14, 45–54 (2008).
51. Li, Y. et al. Severe lung fibrosis requires an invasive fibroblast phenotype regulated by hyaluronan and CD44. J. Exp. Med. 208, 

1459–1471 (2011).
52. Tager, A. M. et al. Inhibition of pulmonary fibrosis by the chemokine IP-10/CXCL10. American Journal of Respiratory Cell and 

Molecular Biology 31, 395–404 (2004).
53. Suganuma, H., Tamura, R. & Chida, K. Enhanced migration of fibroblasts derived from lungs with fibrotic lesions. Thorax 50, 

984–989 (1995).
54. Lawson, C. et al. FAK promotes recruitment of talin to nascent adhesions to control cell motility. J. Cell Biol. 196, 223–232 (2012).
55. Giancotti, F. G. & Ruoslahti, E. Integrin signaling. Science 285, 1028–1032 (1999).
56. Bishop, A. L. & Hall, A. Rho GTPases and their effector proteins. Biochem. J. 348 Pt 2, 241–255 (2000).
57. Hu, M., Che, P., Han, X., Cai, G. Q., Liu, G., Antony, V., Luckhardt, T., Siegal, G. P. & Zhou, Y., Liu, R. M., Desai, L. P., O’Reilly, P. J., 

Thannickal, V. J. & Ding, Q. Therapeutic targeting of Src kinase in myofibroblast differentiation and pulmonary fibrosis. J Pharmacol 
Exp Ther. 351, 87–95 (2014).

58. Berg, R. A. Determination of 3- and 4- hydroxyproline. Methods in Enzynology 82, 372–398 (1982).

Acknowledgements
We thank Anni Zheng for technical assistance. The authors are supported by grants from National Natural 
Science Foundation of China (81470865) to YYL, the Science and Technology Department of Hunan Province 
(2016DK20054) to CQG, National Natural Science Foundation of China (81560104) (to XKZ), and NIH 
(HL085324 and HL127338) and FAMRI (CIA) to QD, the General Logistics Department of Health of the Youth 
Training Program to FQ.

Author Contributions
C.Q.G. and Q.D. designed the experiments and wrote the manuscript. Y.Y.L., X.K.Z., L.Y., F.Q., and B.Z. conducted 
the experiments and were involved in experiment design and excution. All authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare no competing financial interests.
How to cite this article: Lu, Y.-Y. et al. Interaction of Src and Alpha-V Integrin Regulates Fibroblast Migration 
and Modulates Lung Fibrosis in A Preclinical Model of Lung Fibrosis. Sci. Rep. 7, 46357; doi: 10.1038/srep46357 
(2017).
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	Interaction of Src and Alpha-V Integrin Regulates Fibroblast Migration and Modulates Lung Fibrosis in A Preclinical Model of Lung Fibrosis
	Introduction
	Results
	Src is recruited and directly associated with integrin αV in response to PDGF-BB treatment in fibroblasts
	PDGF-BB-induced fibroblast migration is dose-dependent and time-dependent on osteopontin; Inhibition of Src activation decreases PDGF-BB-induced fibroblast migration but does not block the Src association with osteopontin receptor integrin αV
	Integrins αVβ5 and αVβ3 are main integrin receptors contributing to Src-mediated fibroblast migration and Src activation on osteopontin
	Src inhibitor attenuates lung fibrosis in a preclinical mouse lung fibrosis model, in bleomycin-challenged mice
	Src inhibitor decreases activation and expression of proteins that mediate cell migration and myofibroblast differentiation in vivo

	Discussion
	Methods
	Reagents
	Cell Culture and Western Blotting
	Wound closure monolayer/scratch motility assay
	Coimmunoprecipitation Assays
	In Vivo Lung Fibrosis Animal Model and Lung Fibrosis Analysis
	Total Lung collagen Accumulation for Fibrosis Analysis
	Rac Activation Assays for Cell Migration Signaling
	Statistics

	Additional Information
	Acknowledgements
	References




