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Abstract

Background—Bronchiolitis Obliterans Syndrome (BOS), chronic lung allograft rejection, 

remains an impediment for the function of the transplanted organ. In this study, we defined the 

role of MicroRNAs (miRNAs) miR-144 in fibroproliferation leading to BOS.

Methods—Biopsies were obtained from lung transplant (LTx) recipients with BOS (n=20) and 

without BOS (n=19). Expression of miR-144 and its target, transforming growth factor beta 

(TGFβ)-induced factor homeobox 1(TGIF1), were analyzed by real-time PCR and Western blot. 

Over expression of miR-144 and luciferase reporter genes were performed to elucidate miRNA-

target interactions. The function of miR-144 was evaluated by transfecting fibroblasts and 

determining response to TGFβ by analyzing Sma and Mad Related Family (Smads), fibroblast 

growth factor (FGF), TGFβ, and Vascular endothelial growth factor (VEGF). Smooth Muscle 

Actin-α-(SMAα) positive stress fibers and F-actin filaments in lung fibroblasts were analyzed by 

immunofluorescence.

Results—Analysis of miR-144 in the biopsies demonstrated 4.1±0.8 fold increases in BOS+ 

compared to BOS− with significant reduction in TGIF1(3.6±1.2 fold), a co-repressor of Smads. In 

vitro transfection confirmed that over expression of miR-144 results in reduction in TGIF1 and 

increase in Smad2, Smad4, FGF6, TGFβ, and VEGF. Increasing miR-144 by transfecting, 
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increased SMA-α and Fibronectin and knockdown of miR-144 diminished fibrogenesis in MRC-5 

fibroblasts.

Conclusions—miR-144 is a critical regulator of the TGFβ signaling cascade and is over 

expressed in lungs with BOS. Therefore, miR-144 is a potential target towards preventing fibrosis 

leading to BOS following LTx.
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Introduction

Lung transplantation (LTx) is a therapy for patients with end-stage pulmonary disorders. 

Unfortunately, chronic lung allograft rejection, clinical correlate Bronchiolitis Obliterans 

Syndrome (BOS), is a major limitation to long-term allograft survival (1). Approximately 

30% and 75% of patients develop BOS by 2.5 and 10 years after transplantation (1). The 

pathogenesis of BOS involves both alloimmune and non-alloimmune mechanisms. The 

histological hallmark of chronic rejection is obliterative bronchiolitis (OB), which is an 

inflammatory/fibrotic process affecting the small non airways, that manifests as fibrosis 

causing partial or complete luminal occlusion (2, 3). The fibro-obliteration is often 

associated with destruction of the smooth muscle and elastica of the airway wall (2). 

Recently, the transforming growth factor beta (TGFβ) expression has been demonstrated to 

be increased in BOS LTx recipient (LTxR) even before the onset of obstruction (4, 5). 

Similarly TGFβ was reported to be associated with histological OB following LTx (6). 

However, regulation of the TGFβ signaling pathway in lung inflammation and fibrosis after 

LTx remains unclear.

MicroRNAs (miRNAs) are small regulatory RNAs that control the expression of genes by 

translational suppression and destabilization of target mRNAs (7). miRNAs have been 

implicated in multiple biological processes (8). It has been demonstrated that gene specific 

translational silencing by miRNAs exerted important roles in fibrosis of heart (9, 10), kidney 

(11), and liver (12). However, the role of miRNAs in fibrogenesis after LTx remains 

unclear. Recent studies showed that miR-144 was dysregulated during acute rejection after 

heart and renal transplantations (13, 14). miR-144 was also aberrantly expressed in 

bleomycin-induced pulmonary fibrosis (15). The goal of this study is to elucidate the role of 

miR144 in BOS following human LTx.

Methods

Patient and Sample Collection

Thirty-nine LTxR at Barnes Jewish Hospital/Washington University School of Medicine 

were enrolled between January 2007 and June 2014 after obtaining informed consent and 

approval by the Washington University Human Studies Committee. All of LTxR in the BOS

+ and BOS− groups were matched for age, time from LTx, type of LTx, and underlying 

diagnosis. Among them, 20 patients (BOS+ group) had a clinical diagnosis of BOS while 

the other 19 patients (BOS− group) didn’t develop BOS when sampling (Table 1). The 
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diagnosis of BOS was made by the criteria established by the International Society of Heart 

and Lung Transplantation (ISHLT) (16). The immunosuppressive regimen consisted of 

tacrolimus, mycophenolate mofetil, and prednisone. The biopsy specimens and 

bronchoalveolar lavage (BAL) were obtained during post-transplant period for routine 

clinical follow up.

Quantification of miRNA

Lung biopsies from BOS+ and BOS− LTxR were used for miR-144 quantitative PCR 

analysis. Total RNA was extracted using the mirVana miRNA isolation kit according to the 

manufacturer’s specification (Ambion, Austin, TX). MicroRNA-144 was further quantified 

by TaqMan miRNA assays (Applied Biosystems Cat#4427975).

Immunohistochemical staining for TGFβ-induced factor homeobox 1 (TGIF1)

Immunohistochemistry was performed using formalin-fixed paraffin-embedded lung biopsy 

specimens according to the method previously described (17). The primary antibody (Ab) 

(TGIF1 rabbit polyclonal Abs) was purchased from Abcam, Cambridge, MA.

Cell Culture

The MRC-5 lung fibroblast cell line was obtained from the American Type Culture 

Collection (ATCC, Manassas, VA) and cultured as recommended by ATCC.

miRNA transfection

miR-144 mimics and inhibitors were purchased from Ambion (mirVana miRNA-144 mimic: 

MC11051; mirVana miRNA-144 inhibitor: MH11051). MRC5 cells were transfected at 30–

40% confluency in 6 well plates using Lipofectamin RNAi MAX™ (Invitrogen Cat#13778) 

with miRNA mimics and inhibitors at a final concentration of 10 nM.

Plasmids

The 3′ UTR fragment of human TGIF1 was cloned into the luciferase reporter plasmid 

phRL-TK and the resulting plasmid was termed phRL-TK-TGIF1. To analyze the 

combination of TGIF1 and miR-144, the sequence of 1st binding site (Position 182–188 of 

TGIF1 3′ UTR) 5′>TACTGTA <3′ was mutated to 5′>GCTGAGC<3′ by PCR. Similarly, 

the sequence of 2nd binding site (Position 369–375 of TGIF1 3′ UTR) 5′>ATACTGT<3′ 

was mutated to 5′>CGCTGAC<3′ by PCR.

Luciferase assay

MRC-5 cells were seeded at 105 cells per well in 12-well plates, then transfected using 10 

nM miR-144, 1 ng of phRL-TK-TGIF1 or phRL-TK-mutTGIF1 and 5 ng of firefly 

luciferase reporter plasmid (pGL3-control). Luciferase activity was measured 36 hr after 

transfection by the Dual-Luciferase Reporter Assay System (Promega, Madison, WI).
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Quantitative Real-time PCR (qRT-PCR)

The mRNA expression of human TGIF1, Smad-2,-3,-4,-5 from lung tissues and MRC5 cells 

was measured by qRT-PCR using gene-specific primers according to the recommendations 

from IDT. qRT-PCR protocol was done according to earlier publication (18).

Western blotting

Protein from MRC-5 cells transfected with miRNA-144 were subjected to western blot 

based on the protocol published earlier (19). The primary Abs were anti-TGIF1 (Cell 

Signaling), anti-Smad-2,-3,-4,-5 (Santa Cruz), anti-SMA-α (Abcam), and anti-Fibronectin 

(FN) (Abcam) Abs. The secondary Ab conjugated to horseradish peroxidase was purchased 

from Jackson Immuno Research.

Immunofluorescence

Immunofluorescence was performed as described previously (20). Fibroblasts growing on 

20% FBS-pre-coated cover-slides were fixed in 4% formaldehyde for 20 min. After 

permeabilization with 0.5% Triton X-100 for 2 min, it was blocked in PBS containing 5% 

BSA for 1 hr. Cells were then incubated with a mixture of anti-SMA-α and FITC-

conjugated phalloidin overnight at 4°C. Cells were washed three times and then incubated 

with goat anti-mouse IgG H&L (Texas Red) for 1 hr and mounted with DAPI-containing 

mounting solution. Fluorescent images were taken with a Zeiss confocal microscope (Carl 

Zeiss Microsystems).

Fibrogenic growth factors (FGF) production

The production of FGF6, TGF-β, and vascular endothelial growth factor (VEGF) levels from 

supernatants of MRC5 cells was determined by the method of enzyme-linked 

immunosorbant assay (ELISA) as previously described (17).

Statistical Analysis

All analyses were performed using GraphPad PRISM 4.0 (San Diego, CA). Results are 

expressed as the mean ± SEM and were compared by Student t test. Differences were 

considered significant at P-value less than 0.05.

Results

Increased expression of miR-144 in LTxR diagnosed with BOS

To determine the expression of miR-144 in LTx, total RNAs were extracted from biopsies of 

20 LTxR with BOS (BOS+) and 19 LTxR without BOS (BOS−). RT-PCR was performed 

by using TaqMan miRNA kit specific for miR-144. Analysis of the miR-144 in the biopsies 

demonstrated a 4.1±0.8 fold increase in the level of miR-144 in the BOS+ compared to BOS

− samples (p<0.001, Figure 1A). The expression of the housekeeping gene snoRNA135 

remained constant. In addition, the level of miR-144 in BAL cells isolated from BOS+ 

patients was increased compared to that from BOS− patients (p=0.008, Figure 1B), which 

suggest that miR-144 can be a potential biomarker for BOS. Taken together, these data 

Xu et al. Page 4

J Heart Lung Transplant. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



demonstrated that miR-144 was up regulated in BOS+ LTxR both in lung biopsies as well as 

in BAL cells and suggest that it may contribute to BOS development following human LTx.

TGIF1 is a target of miR-144 in the lung

To explore the function of miR-144, we determined its target genes using prediction by two 

computational algorithms (TargetScan and miRanda). The results predicted there were two 

binding sites of miR-144 to the 3′UTR of TGIF1 (Figure 2A). To determine whether TGIF1 

was a direct target of miR-144, fragments of the 3′ UTRs of TGIF1 containing wild-type or 

mutated miR-144 complementary sites were cloned into the phRL-TK renilla luciferase 

reporter plasmid. Luciferase reporters were co-transfected with miRNA mimic of miR-144 

into MRC-5 lung fibroblast cells (Figure 2B). We then examined binding of human miR-144 

to the 3′UTR of TGIF1 mRNA using a luciferase assay. As the 3′UTR of TGIF1 is inserted 

downstream of the luciferase open reading frame, specific binding to miR-144 prevents 

luciferase reporter gene expression (Figure 2B). In addition, mutations of both TGIF1 

binding sites decreased specific binding to miR-144 and restored luciferase activity (Figure 

2B) indicating that TGIF1 is indeed a target of miR-144. These results demonstrated that 

over expression of miR-144 in lung fibroblasts results in significant reduction in the levels 

of TGIF1. Therefore, miR-144 can regulate lung fibrosis via TGFβ signal pathway following 

human LTx.

To determine that over expression of miR-144 will result in the decrease of TGIF1, we 

overexpressed miR-144 in MRC-5 lung fibroblast cells. qRT-PCR demonstrated that TGIF1 

expression was down-regulated in MRC-5 fibroblast cells transfected with miR-144 as 

compared with control-transfected cells (4.6±0.7 fold p<0.001, Figure 2C) indicating that 

miR-144 mediated transcriptional regulation of TGIF1 expression resulted in marked 

decrease in TGIFI. In addition, western blot demonstrated that TGIF1 protein level was 

down regulated following over expression of miR-144 in MRC-5 cells (Figure 2D). We 

further identified that the level of TGIF1 was 3.6±1.2 fold lower in the BOS+ compared to 

BOS− samples (p<0.001, Figure 2E). Immunohistochemical staining of TGIF1 in lung 

biopsy tissues from BOS+ and BOS− patients demonstrated that out of 20 BOS+ LTxR 18 

(90%) were completely TGIF1 negative. In contrast, all of the 19 (100%) BOS− patients 

were TGIF1 positive (Figure 2F). These results demonstrate that an increase in miR-144 

noted in LTx biopsies from BOS+ patients can down regulate TGIF1 thereby increasing 

TGFβ secretion leading to increased fibrosis.

Over expression of miR-144 increases Smad levels

TGIF1 was reported to act as a corepressor of Smad and an inhibitor of the retinoic acid 

responsive element (21, 22) and they are implicated in the development of fibrosis and Th17 

responses (23, 24). Therefore, we performed in vitro transfection analysis of MRC-5 cells 

using miR-144 mimics. The results demonstrated that over expression of miR-144 results in 

significant increase in the expression of Smad2 (p<0.01, 4.3±0.8 fold) and Smad4 (p<0.01, 

4.1±0.4 fold) compared to control-transfected fibroblasts (Figure 3A), However, there were 

no significant changes of Smad3 and Smad5 between miR-144 transfected fibroblasts and 

control-transfected fibroblasts (Figure 3A). In addition, western blot demonstrated that both 

Smad2 and Smad4 protein levels were up regulated following over expression of miR-144 in 

Xu et al. Page 5

J Heart Lung Transplant. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MRC-5 cells (Figure 3B). These data indicated that increased levels of miR144 in lung 

fibroblast results through increased activation of TGF-β/Smad signaling pathway.

Over expression of miR-144 increases growth factor production

In order to determine whether miR-144 can induce the production of FGF by lung 

fibroblasts, we performed in vitro bioassay for FGF, TGFβ and VEGF following transfection 

of MRC-5 cells with miR-144.. As shown in Figure 4, over expression of miR-144 in 

MRC-5 lung fibroblasts produced significantly higher levels of FGF6 (p<0.01, 4.1±0.9), 

TGFβ (p<0.01, 3.5±0.6) and VEGF (p=0.035, 1.7±0.4) as compared to control-transfected 

cells (Figure 4). These results demonstrated that over expression of miR-144 in lung 

fibroblasts results in the production of FGF6, TGFβ, and VEGF, which can lead to increased 

fibrosis leading to BOS after LTx.

MiR-144 regulates fibrogenesis in lung fibroblasts

We next determined whether miR-144 regulates fibrogenesis in human lung fibroblasts. It 

has been demonstrated that alpha-SMA is the actin isoform that predominates within 

vascular smooth-muscle cells and plays an important role in organ fibrogenesis including 

lungs (25) and kidneys (26). Filamentous actin (F-actin) is another biomarker of pulmonary 

fibrosis (27). Therefore, we chose alpha-SMA and F-actin as the read out for fibrosis. As 

shown in Figure 5A, increasing miR-144 levels in fibroblasts by transfecting miR-144 

mimics increased protein expression of SMA-α and FN compared to those in control miR-

transfected MRC-5 cells (Figure 5A). These data suggest that miR-144 will increases the 

fibrogenic activity. Immunofluorescence analysis also demonstrated that over expression of 

miR-144 increases SMA-α-positive stress fibers, which overlapped with long filamentous F-

actin (Figure 5B). Therefore, miR-144 enhances SMA-α-positive stress fibers and produced 

higher F-actin filaments in lung fibroblasts (Figure 5B). These data indicate that miR-144 

functionally regulate lung fibroblast fibrogenesis.

Knockdown of miR-144 diminishes fibrogenesis in lung fibroblasts

To address the expression pattern of miR-144 in more detail, we used qRT-PCR to assess 

miR-144 expression in a time dependent manner after TGFβ treatment in lung fibroblasts. 

There was significantly higher level of miR-144 expression after 6 hrs of TGFβ stimulation 

than seen in control group and miR-144 levels increased in a time dependent manner up to 

36 hours (Figure 6A). However, miR-144 was significantly down regulated from 0 hour to 

36 hours in miR-144 inhibitor transfected cells (Figure 6A). To further characterize the role 

of miR-144 in regulating fibrogenesis, we knocked down miR-144 in lung fibroblasts and 

found that TGFβ up-regulated expression of SMA-α and F-actin was significantly 

diminished in anti-miR-144-transfected cells (Figure 6B). These data suggest that decreased 

miR-144 expression in the lungs could block pulmonary fibrosis through decreasing 

fibrogenic activity.

Discussion

miRNAs are known to regulate numerous physiological processes (28). Dysregulation of 

miRNA expression has been demonstrated to participate in the development of BOS after 
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LTx (29). However, the role of miRNAs which may contribute to the development of 

fibroproliferative cascades in LTxR remains unknown. Recent studies have implicated 

miRNAs in pulmonary fibrosis and regulation of TGFβ signaling (30). Pandit et al reported 

that miRNA let-7d was decreased in experimental lung fibrosis and human Idiopathic 

pulmonary fibrosis (IPF) (31). In particular, let-7d was down regulated by TGFβ1 and 

inhibition of let-7d resulted in differential expression of mesenchymal and epithelial cell 

markers in alveolar epithelial type II cells (31). Liu et al demonstrated that miR-21 was 

involved in TGFβ1-induced fibroblast activation via interference with Smad signaling (25). 

Other studies have implicated miR-29 in promoting fibrinogenesis by increasing TGFβ via 

Smad3 signaling (32). A significant down-regulation of miR-200 has also been reported in 

bleomycin-induced fibrosis and in patients with IPF, proposing that the miR200 family may 

regulate TGFβ-induced epithelial-mesenchymal transition in alveolar epithelial cells (33). In 

our current study, we demonstrate that increased level of miR-144 in BOS+ patients result in 

increased activation of the TGFβ/Smad signaling cascade leading to increased fibrogenic 

processes. We further demonstrate that in vivo transfection of lung fibroblast cell line 

MRC-5 with miR-144 increases expression of SMA-α and FN. These data are of 

significance because it suggests that attenuation of miR-144 expression may be able to 

reverse the intrinsically acquired pathological phenotypes of fibroblasts in transplanted 

lungs during the development of BOS.

TGFβ1 plays a central role in the pathogenesis of lung fibrosis by enhancing the fibrogenic, 

contractile, and migratory activity of lung fibroblasts (34, 35). Increased TGFβ activity have 

been detected in lung tissue from bleomycin-treated mice (36) and patients with IPF (37). 

Over expression of active TGFβ in the mouse lung in vivo results in severe interstitial and 

pleural fibrosis (38). Analysis of Smad3-deficient mice indicated that bleomycin-induced 

pulmonary fibrosis is partially dependent on the integrity of the TGFβ pathway (39). In 

response to TGFβ signaling, Smad2 and Smad3 are phosphorylated directly by the TGFβ 

receptor, then complexed with Smad4, and translocated to the nucleus (40, 41). After TGFβ 

stimulation, Smad proteins enter the nucleus and form transcriptional activation complexes 

or interact with TGIF1, which functions as a corepressor (21, 42, 43). The relative levels of 

Smad co-repressors and co-activators present within the cell may determine the outcome of 

a TGFβ response. Results presented in the current study, for the first time demonstrate that 

miR-144 levels are increased and TGIF1 levels are decreased in LTxR diagnosed with BOS. 

Using in vitro experiments with lung fibroblast cell line MRC-5 we determined and 

validated that over expression of miR-144 results in down regulation of TGIF1 and 

increased expression of Smad2, Smad4 and fibrogenic growth factors. Taken together, we 

present evidence that dysregulated miRNA in TGFβ signal pathway is important in inducing 

lung fibrinogenesis leading to BOS following human LTx and miR-144 may participate 

significantly in the immunopathogenesis of BOS.

There are some limitations in this study including the fact that the evidence for a potential 

role of miR-144 leading to dysregulation of TGFβ signal pathway is primarily derived from 

clinical samples of LTxR diagnosed with BOS. Although we have confirmed its role using 

in vitro experiments with human lung fibroblast cell line, In vivo experiments that involve 

perturbations of miR-144 expression in animal models of fibrosis are required to prove its 
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central profibrotic role. Another limitation is that the target prediction of miR-144 

demonstrated many other potential targets. Therefore, we cannot exclude the possibility of 

other potential targets for miR-144 that may have an impact on fibroproliferative cascades 

after LTx.

In summary, results presented in this report demonstrate a critical role for miR-144 in the 

pathogenesis of lung fibrosis leading to BOS following human LTx. Using in vitro studies 

with human lung fibroblasts we also demonstrated that knock down of miR-144 expression 

significantly diminishes fibrogenic activity of lung fibroblasts through attenuation of the 

expression of SMA-α and FN. Therefore, we propose that miR-144 may be a novel 

therapeutic target for preventing pulmonary fibrosis leading to BOS following human LTx.
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Figure 1. 
RT-PCR detection of miR-144 expression in LTxR. (A) The level of miR-144 expression in 

lung biopsies from BOS+ patients was up regulated as compared with BOS− patients (p < 

0.001). (B) The level of miR-144 in BAL cells isolated from BOS+ patients was over 

expressed compared to that from BOS− patients (p=0.008). Data shown is repeated with 

three independent experiments and shown as mean ± SEM. RNU48 were used as controls to 

normalize data.
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Figure 2. 
TGIF1 is a target of miR-144 in the lung. (A) The miR-144 binding site predictions for 

TGIF1 3′ untranslated region (UTR) by microRNA.org. Mutations of the seed region of two 

binding sites were inserted by site-directed mutagenesis. (B) Relative luciferase activities in 

transiently transfected MRC-5 lung fibroblast cells (1x105 cells in triplicate) were measured 

using TGIF1 renilla luciferase reporters and a constitutive Firefly luciferase reporter pGL3. 

After 48 hours of co-transfection with controls miRNA mimics and pre-miR-144. Renilla 

luciferase activity was normalized to the Firefly luciferase activity. Data shown is repeated 

with three independent experiments and represented as mean ± SEM and were compared by 

Student t test. (C) Real-time RT-PCR detection of TGIF1 expression in lung fibroblast cells 

transfected with miR-144 as compared with control miR-transfected lung fibroblast cells (P 

< 0.01). Data shown is repeated with three independent experiments and shown as mean ± 

SEM. GAPDH were used as controls to normalize data. (D) Western blot assay 

demonstrated that TGIF1 protein level was down regulated when over expression of 

miR-144 in MRC-5 cells. GAPDH were used as loading control. Data shown is 

representative of three independent experiments. (E) RT-PCR detection of TGIF1 

expression in LTxR. Down-regulated miR-144 expression in BOS+ patients as compared 

with BOS− patients (P<0.001). Data shown is repeated with three independent experiments 

and shown as mean ± SEM. GAPDH were used as controls to normalize data. (F) 

Immunohistochemical staining of TGIF1 was performed using lung biopsy tissues from 

BOS+ and BOS− patients. Data shown is representative of three independent experiments. 

Original magnification, x 400
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Figure 3. 
Over expression of miR-144 increase SMADs levels. (A) Real-time RT-PCR detection of 

SMAD levels. SMAD2, SMAD3, SMAD4, and SMAD5 expression in lung fibroblast cells 

transfected with miR-144 as compared with control-transfected lung fibroblast cells. Data 

shown is repeated with three independent experiments and represented as mean ± SEM. 

GAPDH were used as controls to normalize data. (B) Western blot assay of SMADs protein 

levels when over expression of miR-144 in MRC-5 cells. GAPDH were used as loading 

control. Data shown is representative of three independent experiments.
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Figure 4. 
Over expression of miR-144 increases growth factor production. FGF6, TGF-β and VEGF 

production in lung fibroblast cells transfected with miR-144 as compared with control-

transfected lung fibroblast cells. Data shown is repeated with three independent experiments 

and represented as mean ± SEM.
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Figure 5. 
Over expression of miR-144 increases fibrogenesis in lung firboblasts. (A) Normal lung 

fibroblast MRC-5 cells were transfected with 10 nM control mimics (con-miR) or 10 nM 

miR-144 mimics. At 2 days after the transfection, levels of SMA-α, FN, and GAPDH were 

determined by Western blot analysis. Data are from three independent experiments. (B) 

Normal lung fibroblasts were transfected with 10 nM control mimics or miR-144 mimics. 

Alpha-SMA and F-actin were chosen to evaluate fibrogenesis as the biomarkers. At 2 days 

after the transfection, cells were then fixed and incubated with a mixture of anti-SMA-α 

antibody and FITC-conjugated phalloidin for staining of F-actin overnight. After washing 3 

times, cells were incubated with Goat anti-mouse IgG H&L (Texas Red) for 1 h. Confocal 

microscopy was performed. Representative experiments are shown. Original view: ×63.
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Figure 6. 
Knockdown of miR144 diminishes fibrogenesis in lung fibroblasts. (A) TaqMan RT-PCR 

analysis of miR-144 expression under 0, 6, 12, 24, and 36 hours treatment after TGF-β 

stimulation in lung fibrobalsts transfected with miR-144 inhibitor or control miR inhibitors. 

(B) Normal lung fibroblasts were transfected with 20 nM control inhibitors (con-anti-miR) 

or 20 nM inhibitors to miR-144 (anti-miR-144). Alpha-SMA and F-actin were chosen to 

evaluate fibrogenesis as the biomarkers. At 1 day after the transfection, cells were starved in 

medium containing 0.1% FBS for 1 day, followed by treatment without or with 2 ng/ml 

TGF-β for 1 d. Cells were then fixed and incubated with a mixture of anti-SMA-α antibody 

and FITC-conjugated phalloidin for staining of F-actin overnight. After washing 3 times, 

cells were incubated with Goat anti-mouse IgG H&L (Texas Red) for 1 h. Confocal 

microscopy was performed. Representative experiments are shown. Original view: ×63.
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Table 1

Demographic data and clinical features on BOS+ and BOS− transplant recipients.

Clinical features Group 1 (n=19) Group 2 (n=20)

Groups BOS− Patients BOS+ patients

Age 57±10 60±12

Gender:

 Male 12 11

 Female 7 9

Race:

 Caucasian 18 18

 African American 1 2

Diagnosis:

 IPF 10 9

 COPD 6 5

 CF 3 5

 Others 0 1

Type of LTx (Bilateral/Single LTx)

 Bilateral LTx 19 20

 Single LTx 0 0

Time of Sampling from LTx (months) 22±9 21±6

Time of BOS onset (months) NA. 16±7

Definition of abbreviations: CF = cystic fibrosis; IPF = idiopathic pulmonary fibrosis; COPD = chronic obstructive pulmonary disease; LTx = lung 
transplant.
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