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Supplemental Material and Methods 

Tissue samples. Tissue microarray slides containing 95 non-small cell lung cancer 

(NSCLC) and 46 normal samples, including 32 matched tumor/normal pairs, were 

purchased from US Biomax (Rockville, MD).  The information of these samples was 

summarized in Table S1.  Frozen specimens, including 30 randomly selected lung tumors 

and matched histologically normal lung parenchyma adjacent to the tumors (within 1 cm 

of the discrete tumor margin), and the normal lung parenchyma distal to the tumors (at 

least 4 cm from the tumors), were obtained from the University of Pittsburgh Cancer 

Institute (UPCI) lung cancer program.  The clinical-pathologic characteristics of the 

patients were summarized in Table S2.

Cell culture and transfection. The cell lines used in the study were from American 

Type Culture Collection (ATCC, Manassas, VA), except for the lung cancer cell lines 

273T and 201T, which were generated in the laboratory of JMS (1), and were obtained 

from the UPCI lung cancer program.  Cells were maintained at 37°C and 5% CO2.  All 

cell lines were cultured in RPMI 1640 (Mediatech, Herndon, VA) supplemented with 

10% defined fetal bovine serum (HyClone, Logan, UT), 100 units/ml penicillin, and 100 

μg/ml streptomycin (Invitrogen, Carlsbad, CA).  For demethylation, cells were treated 

with 5 �M 5-aza-2’-deoxycytidine (5-aza-2’-dC; Sigma, St. Louis, MO) for 6 days.  

Fresh medium was added after days 1, 2, and 3.  Transfection was performed using 

LipofectamineTM 2000 (Invitrogen) following the manufacturer’s instructions.  Apoptosis 

induced by cisplatin or 5-fluorouracil (Sigma) was analyzed as previously described (2). 

Reverse transcriptase-PCR (RT-PCR). Total RNA was isolated using the RNAgents 

Total RNA Isolation System (Promega, Madison, WI) according to the manufacturer’s 
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instructions.  First-strand cDNA was synthesized from 10 �g of total RNA using 

Superscript II reverse transcriptase (Invitrogen).  RT-PCR was performed to amplify

fibulins 1-6, MMPs, TIMPs, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

using the primers listed in Table S4 and previously described touch-down PCR 

conditions (2).  Real-time RT-PCR was performed in an MJ Mini Personal thermocycler 

(Bio-Rad, Hercules, CA) using the same MMP-7 primers with GAPDH amplified as the 

internal control.  The cycle conditions are available upon request. 

Immunohistochemistry.  The signals were detected using Vectastain Elite ABC kit 

(Vector Laboratories, Burlingame, CA) following the manufacturer’s protocol.  

Hematoxlin was used for counterstaining.  The staining distribution was scored based on 

the percentage of positive cells: 0 (0%), 1 (1-30%), 2 (31-60%), and 3 (61-100%).  The 

signal intensity was scored using the following criteria: 0 (no signal), 1 (weak), 2 

(moderate), and 3 (marked).  The staining was considered to be positive if the sum of 

distribution and intensity scores was greater than 2. 

Expression constructs.  The expression constructs for full-length and deletion mutants 

of fibulin-5 were generated by cloning PCR-amplified fibulin-5 cDNA fragments into 

pcDNA3.1/V5-His vector (Invitrogen).  The deletion mutants included N53 (residues 1-

53), N136 (residues 1-136), �N (residues 122-487), and �RGD (deletion of residues 54-

56).  The primers and primer combinations used for constructing the wild-type (WT) and 

mutant fibulin-5 were described in Table S5.  All inserts were verified by restriction 

digestion and DNA sequencing.  The detailed information of the constructs is available 

upon request.   
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MMP-7 reporter assay.  MMP-7 reporter was generated by cloning a 244-bp fragment 

of the human MMP-7 promoter into pBV-Luc vector (3).  For reporter assays, A549 and 

H1299 cells were transfected with the MMP-7 reporter along with the transfection control 

�-galactosidase reporter pCMV� (Promega, Madison, WI).  Luciferase activities were 

measured as previously described (3).  In some experiments, cells were co-transfected 

with the wild-type or mutant fibulin-5. 

BrdU incorporation assays.  Cells in a 12-well plate were incubated with 10 �M BrdU 

(Sigma) for 2 hr, fixed with methanol/acetone (1:1) at -20 ºC for 15 min, treated with 2N 

HCl for 30 min at 37 ºC, washed with PBS, and then incubated with monoclonal Alexa 

Fluor 594 anti-BrdU conjugated antibody (Invitrogen) for 45 min.  BrdU-positive cells 

were detected by fluorescence microscopy with DAPI (20 �g/ml) for counter staining. 

Soft Agar assay. Six hundred cells suspended in 0.4% agar (Lonza, Rockland, ME) in 1 

ml complete medium were plated on top of a layer of 0.8% agar in complete medium. 

After 10 days, viable colonies containing more than 50 cells or larger than 0.5 mm 

diameter were counted.  The experiments were performed in triplicate. 
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Supplemental Figure Legends  

Figure S1. Fibulin-5 and MMP-7 expression in a tissue microarray (Table S1) were 

analyzed by immunohistochemistry.  (A) Representative pictures (200×) of fibulin-5 

immunostaining of two matched tumor/normal pairs and a normal lung section containing 

bronchial epithelium.  (B) Examples of lung tumors with or without fibulin-5 expression 

(200×).  Cytoplasmic staining was detected in the fibulin-5+ tumor.  (C) Representative 

pictures (200×) of comparing fibulin-5 and MMP-7 immunostaining in NSCLC samples.  

Fibulin-5 expression inversely correlated with that of MMP-7.

Figure S2.  (A) Bisulfite sequencing of fibulin-5 promoter in A549 and Calu1 cells.  (B)  

Representative results of MSP analysis of fibulin-5 promoter methylation in 30 matched 

sets of samples (Table S2), including primary lung tumors (Tumor), pathologically 

normal lung tissues adjacent to the tumors (Adjacent normal), and normal lung tissues 

distal to the tumors (Distal normal).  (C) Representative pictures (200×) of fibulin-5 

immunohistochemistry in the 30 matched sets of samples.  

Figure S3. (A) Left panel: The expression of transfected fibulin-5 (V5) in the parental 

(Par), fibulin-5-negative (C1 and C2), and fibulin-5-expressing (F1-3) H1299 cell lines 

were analyzed by Western blotting.  Right panel: Matrigel invasion assay was used to 

analyze invasion of H1299 cells with or without fibulin-5 expression.  The results are the 

average of three independent experiments (P<0.01, Fisher’s exact test).  (B)

Representative pictures (200×) of Matrigel analysis of parental (Par), fibulin-5-negative 

(C1 and C2), and fibulin-5-expressing (F1-3) A549, H460 and H1299 cells. 

Figure S4. (A) Soft agar assay was used to analyze the parental (Par) and fibulin-5-

expressing (F1 and F2) A549 and H1299 cells.  The results are the average of three 
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independent experiments (P>0.05, Fisher’s exact test).  (B) BrdU incorporation was 

determined for the parental and fibulin-5-expressing A549 and H1299 cells.  The results 

are the average of three independent experiments (P>0.05, Fisher’s exact test).  (C) 

Parental and fibulin-5-expressing A549 and H1299 cells were treated with cisplatin (100 

�M) or 5-fluorouracil (5-FU, 100 �g/ml) for 48 hr.  Apoptosis was determined by nuclear 

staining.  The results are the average of three independent experiments (P>0.05, Fisher’s 

exact test).  (D) A549 and H1299 cells were transfected with fibulin-5 or control pcDNA 

vector.  Indicated fibulins were analyzed by RT-PCR at 24 and 48 hr after transfection. 

Figure S5.  (A) A549 and H1299 cells were transfected with control or MMP-7 reporter, 

along with fibulin-5 or empty vector.  Luciferase activities were measured at 24 hr after 

transfection and normalized to that of the �-galactosidase reporter.  (B) A549 cells were 

transfected with the MMP-7 reporter along with wild-type (WT) or mutant fibulin-5 

described in Fig. 5A.  Luciferase activities were measured as in (A).  The activity of cells 

transfected with WT fibulin-5 was defined as 100%.  (C) A549 cells were transfected 

with the control or fibulin-5 vector.  Twenty-four hr later, cells were serum-starved for 24 

hr, and then stimulated with 10% FBS for 10 min.  Indicated proteins were analyzed by 

Western blotting.  * indicates a non-specific band.  (D) Following transfection and serum 

starvation as in (C), starved cells were stimulated with 10% EGF for 10 min.  Indicated 

proteins were analyzed by Western blotting.   

Figure S6. (A) Growth curves of the parental and stable fibulin-5-expressing H460 cells 

(H460/Fibulin-5) in culture.  (B) H460 cells were intravenously injected by tail vein into 

BALB/c nude mice.  Mice were sacrificed at the indicated time points after injection and 

analyzed for lung metastasis.  Upper panel: representative lung pictures showing 
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metastasis nodules at 3, 5, and 7 weeks after injection.  Lower panel: H&E staining of the 

corresponding lung tissues. 


