
Supplementary Methods 

 

Antibody binding competition assay 

   To measure the titers of the anti-TM4SF5 monoclonal antibody (IgG2a), we coated 96-

well immunoplates (Nalgen Nunc International) with 5 μg/ml of human (hTM4SF5R2-3, 

138NRTLWDRCEAPPRV151) or mouse (mTM4SF5R2-3, 137NDTLWNLCEAPPHV150) 

TM4SF5R2-3 peptides. Peptides were then blocked with 0.05% of Tween-20 in PBS (PBST) 

containing 1% bovine serum albumin (BSA). For competition assays, anti-TM4SF5 

monoclonal antibody dilutions were preincubated with the indicated peptide for 30 min, added 

to the wells of each plate, and the titers were measured as described previously (18). The 

colorimetric assay was developed using TMB substrate solution (Kirkegaard and Perry 

Laboratories, Inc.), and a Spectra Max 250 microplate reader (Molecular Devices Inc.) was 

used to measure the absorbance at 450 nm. 

 

Tissue microarrays and immunohistochemistry 

   For the hepatocellular carcinoma (HCC) and normal tissue analysis, formalin-fixed, 

paraffin-embedded AccuMax tissue arrays were purchased from ISUABXIS through the 

Accurate Chemical & Scientific Corp., with the approval of the Institutional Review Board in 

Hallym University. The following arrays were used: normal tissues (A103(9)), various human 

cancer tissues with corresponding normal tissues (A301(VI)) and human liver cancer tissues 

(A204 and A204(II), A204(III)). The normal tissue array (A103(9)) contained 45 cases, 

consisting of two spots from each normal case. The cancer tissue array (A301(VI)) was 

composed of 28 kinds of different cancer tissues: one case per each cancer with two spots 

from each cancer tissue and one corresponding normal spot. The liver cancer tissue array 

consisted of duplicate HCC tissue cores of varying histotypes and four or eight corresponding 



normal samples on each slide. After deparaffinization with xylene and rehydration in ethanol, 

endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 15 min. For 

antigen retrieval, all sections were boiled in citrate buffer (pH 6.0) (ScyTek Laboratories) for 

15 min. The slides were incubated overnight in PBST containing the anti-TM4SF5 

monoclonal antibody (10 μg/ml) at 4°C, followed by incubation with biotinylated anti-mouse 

IgG antibody (Histostain Plus kit, Invitrogen). They were sequentially reacted with 

streptavidin-conjugated peroxidase, 3’,3’-diaminobenzinidine (0.5 mg/ml) and hydrogen 

peroxide and then counterstained with hematoxylin. After rinsing, the sections were mounted, 

dehydrated, and covered with cover slips. All images were examined using a Nikon Eclipse 

E-200 microscope (Nikon). The percentages of cells expressing TM4SF5 were calculated as 

the number of TM4SF5-positive cells divided by the total number of cells in each tumor type. 

 

Microarray analysis 

Total RNAs from Huh-7 cells and SNU-739 cells were isolated by using Trizol 

(Invitrogen). All the microarray experiments were conducted by eBiogen Inc. For control and 

test RNAs, the synthesis of target cRNA probes and hybridization were performed using Agilent’s 

Low RNA Input Linear Amplification kit (Agilent Technology) according to the manufacturer’s 

instructions. Briefly, one microgram of total RNA was reverse transcribed using T7 promoter 

primer mix and MMLV-RT. Amplified and labeled cRNA was purified on cRNA Cleanup 

Module (Agilent Technology). Labeled cRNA target was quantified using a ND-1000 

spectrophotometer (NanoDrop Technologies, Inc.). After checking labeling efficiency, cRNA 

was fragmented and resuspended with 2X hybridization buffer and directly pipetted onto 

assembled Agilent’s Mouse Oligo Microarray (44K). The arrays were hybridized at 65oC for 



17 h using a hybridization oven (Agilent Technology). The hybridized microarrays were 

washed according to the manufacturer’s instruction. The hybridized images were scanned using a 

DNA microarray scanner and quantified with Feature Extraction Software (Agilent Technology). All 

data normalization and selection of fold-changed genes were performed using GeneSpringGX 7.3 

(Agilent Technology). The averages of normalized ratios were calculated by dividing the average of 

normalized signal channel intensity by the average of normalized control channel intensity. Functional 

annotation of genes was performed by GeneSpringGX 7.3 according to the guideline of Gene 

OntologyTM Consortium (http://www.geneontology.org/index.shtml). Genes were classified based on 

searches done by BioCarta (http://www.biocarta.com/), GenMAPP (http://www.genmapp.org/), 

DAVID (http://david.abcc.ncifcrf.gov/), and Medline (http://www.ncbi.nlm.nih.gov/). 

 

Confocal microscopy 

   1 x 104 cells of Huh-7 and SNU-739 cells were cultured on the poly-L lysine coated glass 

cover slips in 12-well plates 18 h prior to treatment with PBS, mouse IgG2a isotype control 

antibody (IgG2a control; Bethyl Laboratories), or the anti-TM4SF5 monoclonal antibody (10 

μg/ml). After treatment with the antibody for the indicated times, the cells were fixed with 

4% paraformaldehyde, permeabilized with 0.1% Triton X-100, and stained with the anti-

p27kip1 antibody (rabbit monoclonal Ab, Cell Signaling Technology, Cat. No.3686) or the 

anti-E-cadherin antibody in PBST containing 3% BSA, for 2 h (1:200). Two different anti-E-

cadherin antibodies were used: rabbit monoclonal antibody from Cell Signaling Technology 

(Cat. No. 3195) and rabbit polyclonal antibody from Abcam (Cat. No. ab15148) were used 

for Fig. 3 and Supplementary Fig. S6, respectively. After extensive washing in PBS, the 

samples were incubated with Alexa Flour 546-conjugated goat anti-rabbit IgG (Molecular 

Probes) or Alexa Flour 488-conjugated goat anti-rabbit IgG (Molecular Probes) for 1 h 

(1:500). The nuclei were stained with Hoechst 33258 (Molecular Probes, 1:2000) for 5 min. 



The samples were washed with PBST and then PBS, mounted on slide-glasses with a 

mounting solution Fluoromount-G (SouthernBiotech), and the florescence was scanned with 

an LSM 710 (Carl Zeiss).  

 

Western blotting 

   Proteins were separated by SDS-PAGE and transferred onto PVDF membranes (Pall 

Corporation, Ann Arbor, Michigan, USA). The anti-p27kip1 antibody and the anti-E-cadherin 

antibodies used for confocal microscopy were used as a primary antibody. The membranes 

were incubated with primary antibody for 2 h, washed with PBST, and incubated in HRP-

conjugated secondary antibody (Jackson ImmunoResearch Laboratories) for 1 h at room 

temperature. Blots were developed using ECL reagents (Intron Biotechnology). 

 

Assay for actin polymerization 

   Cells were cultured on glass cover slips in 12-well plates 18 h prior to treatment with 

IgG2a control or the anti-TM4SF5 monoclonal antibody (10 μg/ml). The cells were treated 

with the antibodies for 72 h, with replacement of the medium at 24 h interval, fixed with 4% 

paraformaldehyde, and permeabilized with 0.1% Triton X-100. The cells were stained with 1 

unit/ml rhodamine-conjugated phalloidin (Molecular Probes) for 1 h or stained with the anti-

paxillin antibody (Abcam, clone 5H11, Cat. No. ab3127) for 2 h (1:200) and then with Alexa 

Flour 546-conjugated goat anti-mouse IgG for 1 h (1:500). The nuclei were stained with 

Hoechst 33258 (Molecular Probes, 1:2000) for 5 min. After extensive washing with PBST 

and PBS, the samples were mounted on slide-glasses with a mounting solution Fluoromount-

G and the florescence was scanned with an LSM 710.  

 

RhoA activity assay 



   An active RhoA pull-down assay was performed using the RhoA-binding domain of the 

Rho effector protein, Rhotekin (Rhotekin-RBD, Cytoskeleton), according to the 

manufacturer’s protocol. Briefly, cell lysates were added to Rhotekin-RBD beads, incubated 

for 1 h at 4°C, and the bound protein was analyzed by SDS-PAGE and western blot analysis 

with anti-RhoA antibody (Santa Cruz Biotechnology, Cat. No. sc-179). To quantitate RhoA 

activity, density of the bead-captured active RhoA and total RhoA protein bands was 

measured using Image J program (http://rsbweb.nih.gov/ij/index.html). The amount of active 

RhoA was normalized by the amount of total RhoA and the relative activity (%) compared to 

the control (0h) is shown graphically taking the control as 100%.  

 

Co-immunoprecipitation assay for RhoA and p27kip1 

   Protein A/G-agarose beads conjugated with anti-RhoA antibody were added to the cell 

lysates for 4 h at 4°C. The immunoprecipitated proteins were analyzed by SDS-PAGE and 

western blot analysis using the anti-p27kip1 antibody and anti-RhoA antibody. To quantitate 

RhoA-bound p27kip1, density of immunoprecipitated p27kip1and RhoA protein bands was 

measured using Image J program. The amount of p27kip1 was normalized by the amount of 

RhoA and the relative amount (%) compared to the control (0h) is shown graphically taking 

the control as 100%.  

 

Supplementary Figure legends 

 

Supplementary Figure S1. Purification and reactivity analysis of anti-TM4SF5 monoclonal 

antibody. A, The anti-TM4SF5 monoclonal antibody was purified from the ascitic fluid of 

mice injected with the mouse hybridoma cell line, 2D4-18. Five μg each of ascites and the 

purified monoclonal antibody were separated by SDS-PAGE and stained with Coomassie 



brilliant blue. B-C, The mouse anti-TM4SF5 monoclonal antibody was analyzed for 

reactivity and cross-reactivity with human and mouse peptides. B, The human TM4SF5R2-3 

(hTM4SF5R2-3) peptide was immobilized on the plate, and competitive ELISA was 

performed using increasing amounts of the soluble mouse TM4SF5R2-3 (mTM4SF5R2-3) 

peptide in triplicate. C, The mouse TM4SF5R2-3 peptide was immobilized on the plate, and 

the competition assay was performed using increasing amounts of the hTM4SF5R2-3 peptide 

in triplicate. Absorbance at 450nm was marked as mean ± SD of triplicate experiments. 

 

Supplementary Figure S2. Specificity of anti-TM4SF5 monoclonal antibody. A, Differential 

expression of TM4SF superfamily in Huh-7 cells and SNU-739 cells was examined using 

microarray analysis. Expression levels of TM4SF4 and TM4SF5 were significantly higher in 

Huh-7 cells than in SNU-739 cells. B, B cell epitope sequences of TM4SF superfamily 

corresponding to the B cell epitope of TM4SF5 were synthesized as indicated. C, The 

peptides from human TM4SF1, TM4SF4, TM4SF5, TM4SF18, and TM4SF19 were 

immobilized on the plates, and ELISA was performed using increasing amounts of anti-

TM4SF5 monoclonal antibody in triplicate. Absorbance at 450nm was marked as mean ± 

SD of triplicate experiments. 

 

Supplementary Figure S3. Investigation of TM4SF5 expression in normal tissues. Tissue 

arrays of normal human tissue were stained with the anti-TM4SF5 monoclonal antibody. 

Scale bars, 200 μm. The normal tissue array contained 45 cases, consisting of two spots from 

each normal case. 

 

Supplementary Figure S4. Expression of TM4SF5 in HCC tissues. Tissue arrays of human 



HCC tissue were stained with the anti-TM4SF5 monoclonal antibody. A, A204 Liver cancer 

tissues - Hepatocellular carcinoma. B, A204(II) Liver cancer tissues - Hepatocellular 

carcinoma. C, A204(III) Liver cancer tissues - Hepatocellular carcinoma. 

 

Supplementary Figure S5. Analysis of TM4SF5 expression in various cancer tissues. 

Human tumor tissue arrays were stained with the anti-TM4SF5 monoclonal antibody. SCC, 

CA, and RCC represent Squamous Cell Carcinoma, Carcinoma, and Renal Cell Carcinoma, 

respectively. Scale bars, 200 μm. One case per each cancer was included in the tissue array 

with two spots from each cancer tissue.  

 

Supplementary Figure S6. Effects of the anti-TM4SF5 monoclonal antibody on E-cadherin 

expression. A-B, E-cadherin expression was examined by immunostaining and confocal 

microscopy after treatment with PBS, IgG2a control, or the anti-TM4SF5 monoclonal 

antibody for 4 days in Huh-7 cells (A) and SNU-739 cells (B). E-cadherin expression was 

examined with rabbit anti-E-cadherin polyclonal antibody (Abcam, Cat. No. ab15148). The 

secondary antibody control without the anti-E-caherin antibody staining is shown as (-) E 

cadherin. C, E-cadherin expression was examined by western blot analysis with the same 

antibody. The nuclei were stained with Hoechst 33258. Scale bars, 10 μm. These are 

representative of three independent experiments. 

 

Supplementary Figure S7. Effects of the anti-TM4SF5 monoclonal antibody on actin 

organization. A-B, Huh-7 and SNU-739 cells were treated with PBS, IgG2a control, or the 

anti-TM4SF5 monoclonal antibody for 72 h. Actin organization was analyzed by confocal 

microscopy after staining with Rhodamine-conjugated phalloidin (A) or staining with anti-

Paxillin antibody and then Alexa Flour 546-conjugated goat anti-mouse IgG (B). The nuclei 



were stained with Hoechst 33258. Scale bars, 10 μm. The results are representative of three 

independent experiments. C, Effects of anti-TM4SF5 monoclonal antibody on association of 

p27kip1 with RhoA. Huh-7 and SNU-739 cells were treated with normal mouse IgG or the 

anti-TM4SF5 monoclonal antibody. At the indicated time points, immunoprecipitation was 

performed using the RhoA antibody and the samples were analyzed by SDS-PAGE and 

western blotting using the anti-p27kip1 and anti-RhoA antibodies. The amount of p27kip1 was 

normalized by the amount of RhoA and the relative amount of p27kip1 (%) compared to the 

control (0 h) is shown graphically. D, RhoA activity in cell lysates was analyzed by 

immunoprecipitation of active guanosine triphosphate (GTP)-RhoA using RhoA binding 

domain of Rhotekin, followed by western blotting with an anti-RhoA antibody. Guanosine 

diphosphate (GDP) and guanosine 5’-O-[gamma-thio]triphosphate (GTPγS) are negative and 

positive controls, respectively. Total RhoA was also analyzed by western blotting using total 

cell lysates. The amount of active RhoA was normalized by the amount of total RhoA and the 

relative activity (%) compared to the control (0h) is shown graphically taking the control as 

100%. *p<0.05, **p<0.01 mean ± SD from three independent experiments. 

 

Supplementary Figure S8. Time-dependent biodistribution of the anti-TM4SF5 monoclonal 

antibody in HCC tumor tissue. BALB/c mice were injected with BNL-HCC cells to generate 

tumor-bearing mice. The DyLight 755-labeled anti-TM4SF5 monoclonal antibody was 

injected into the intraperitoneal cavity of control and tumor-bearing BALB/c mice, and the 

distribution of the antibody was monitored using the real-time IVIS imaging system 200 at 

various time points up to 96 h after injection. Normal mice (left), tumor-bearing mice (right). 

These are representative of three independent experiments. 

 


