
SUPPLEMENTARY METHODS 

Collecting cancer cells from malignant pleural effusion, RNA extraction, 

Affymetrix array hybridization, and image processing 

Serial gradient centrifugation was used to separate tumor cells from 

MPE-associated lymphocytes. The MPE cancer cell was lysed in 1 ml of Trizol 

(Invitrogen Corp., Carlsbad, CA, USA). After 5 min incubation at room temperature, 

0.2 ml of chloroform was added per 1 ml of Trizol Reagent. The samples were mixed 

vigorously and then centrifuged at 12,000 rpm, producing a biphasic mixture. The 

RNA was precipitated from the aqueous phase by mixing it with 0.5ml of isopropanol 

and incubation at room temperature for 10 min and centrifugation at 12,000 rpm for 10 

min at 4°C. The supernatant was discarded and 1 ml 75% ethanol was added and 

mixed to dislodge the pellet.  

After centrifugation at 7,500 rpm for 5 min at 4°C, the supernatant was discarded. 

The RNA pellet was air-dried for 10 minutes then dissolved in diethyl pyrocarbonate 

(DEPC). The RNA purity was estimated from the ratio of absorbance readings at 260 

and 280 nm, with an A260:A280 value that should fall in the range of 1.7-2.1. RNA 

integrity was determined by Agilent 2100 Bioanalyzer, which consistently showed 

RNA integrity number (RIN) over 8.5. Total RNA was then delivered to the National 

Yang-Ming University for micro-array analysis (GeneChip Human Genome 

(HG-U133) arrays; Affymetrix, Inc., Santa Clara, CA, USA) 



Immuno-histochemistry 

The paraffin-embedded tumor and healthy lung specimens were fixed in 10% 

formalin, embedded in paraffin, and cut into 5 m thick sections. MPE cell blocks were 

produced using the AgarCyto cell block method [14]. For immuno-histochemistry, the 

sections were de-paraffinized, rehydrated, incubated with 3% H2O2 in methanol for 20 

min, and subjected to heat-induced antigen retrieval by boiling for 10 min in 0.01 M 

sodium citrate. Subsequently, the specimens were blocked with normal goat serum for 

30 min and incubated for 2.5 h at room temperature with anti-TKT (Proteintech Group, 

Inc., Chicago, IL, USA), anti-TSC1 (Chemicon International; Temecula, CA), and 

anti-ALDOA (Abgent, San Diego, CA, USA) antibodies at 1:10, 1:10, and 1:25 

dilutions respectively.  

Negative controls were treated with 5% normal goat serum without the primary 

antibodies. Normal kidneys were used as positive control for TKT and TSC1, while 

skeletal muscle was used as positive control for ALDOA. The immune complexes 

were visualized using a Vectastain Elite Kit (Vector Laboratories, Burlingame, CA, 

USA). The percentage of immuno-reactive cancer cells was scaled using a four-tiered 

semi-quantitative system: 1, ≤ 25% positive cells; 2, 26-50% positive cells; 3, 51-75% 

positive cells; and 4, ≥ 76% positive cells [17] 

Immuno-fluorescent images and quantitative analyses  

MPE cell blocks and metastatic pleural tumor were soaked in xylene for 1 h to 

remove the paraffin. Antigen retrieval was achieved by heating the slides in citrate 

buffer (pH 6.0) for 15 min in a pressure cooker. The slides were then blocked in 

PBS-T containing 5% normal donkey serum for 1 h. The slides were incubated 

overnight at 4°C with anti-TTF1 (Novus Biologicals, Littleton, CO), anti-TKT 

(Proteintech Group, Inc., Chicago, IL, USA), and anti-ALDOA (Abgent, San Diego, 



CA, USA) antibodies at 1:25, 1:10, and 1:25 dilutions, respectively.  

Indirect immuno-fluorescence assay was performed by incubation with 

secondary antibodies conjugated to anti-mouse Alexa Fluor 488 and anti-rabbit Alexa 

546 (Invitrogen Corp., Carlsbad, CA, USA). The nuclei were visualized by 

4,6-diamidino-2-phenylindole staining (DAPI, Sigma-Aldrich, Saint Louis, MO). The 

fluorophores were excited by laser at 405, 488, or 543 nm, and detected by a scanning 

confocal microscope (FV-1000, Olympus). The triple color images were exported as 

TIFF images. 

A pixel-by-pixel analysis by FV-1000 software was used to assess the 

colocalization of TKT with TTF1 in confocal images. Briefly, the co-localization ratio 

was defined as the percentage of positive TKT staining among the positive TTF1 after 

setting the threshold by the software FV10-ASW 2.0. Five areas were calculated for 

each MPE block. Positive of ALDOA staining of MPE cancer was defined as the 

distribution of ALDOA staining in more than one third of the plasma membrane area 

of the cancers with positive nuclear TTF1.  

Cell proliferation by flow cytometry analysis for Ki-67 staining and cell colony 

formation assay  

Cell proliferation was first detected by flow cytometry analysis using the 

proliferation-associated antigen Ki-67. Briefly, TKT siRNA or scramble-transfected 

AS2 cells were fixed for 15 min by gently dropping ice-cold methanol on the cell 

pellet at -20°C. The fixed cells were washed and incubated for 30 min at room 

temperature with monoclonal antibodies against Ki-67 antigen (Becton Dickinson 

Immunocytometry Systems) or control IgG1 (Becton Dickinson Immunocytometry 

Systems) at 1:20 dilution. The cell suspensions were then washed with staining buffer 

and then secondary antibody (FITC-conjugated) at 1:1000 dilutions were added. The 



samples were incubated for 30 min at room temperature (RT) and then washed.  

Events were examined using FACS Calibur (Becton, Dickinson and Company, 

Franklin Lakes, NJ) and the emission of FITC was detected by channel FL1. Around 

1-2 x 105 events were gathered and the expression of the Ki-67 was determined by the 

mean fluorescence intensity of gated cancer cells and expressed as the percentage of 

positively stained cells in relation to the total amount of cells.  

Cell colony formation assay was also conducted for cell proliferation assay. A 

total of 100 TKT siRNA or scramble-transfected AS2 cells were plated in 100mm dish, 

resulting in 60-90 colonies per dish after approximately one week of culture. The cells 

were then washed with PBS, fixed with methanol and 0.1% crystal violet. The 

colonies were manually counted and then photographed.  

VEGF secretion in vitro and vascular permeability in vivo 

TKT siRNA or scramble-transfected AS2 cells were maintained in 60 mm 

ultra-low attachment plate (Corning, Lowell, MA, USA) for 48 h. The medium was 

then harvested for Miles permeability assay or stored at -70°C after brief 

centrifugation for ELISA for VEGF using a commercially available ELISA kit (R&D 

Systems). For Miles permeability assay, male BALB/c nude mice 6-8 weeks old were 

obtained from the animal center of National Cheng Kung University, where they were 

maintained in a pathogen-free environment throughout the study. The mice were 

intravenously injected with 200 µl of 0.5% Evans blue dye. Ten minutes later, 

serum-free culture supernatants of tumor cells including TKT siRNA or 

scramble-transfected AS2 cells (106 cells/48 hours in 50 µl of MEM) were injected 

intra-dermally in several rows on the dorsal skin. Thirty minutes later, the mice were 

sacrificed, their skin removed, and the test sites photographed.  

 


