
Supplementary figure legends 

Supplementary Figure 1. Expression of Shh signaling components in a panel of gastric cancer.  

(A) RT-PCR for components of the Shh/Gli pathway in normal fetus cell (MRC-5) and a 

panel of gastric cancer cell lines (SNU-216, SNU-638, MKN-28, MKN-74, AGS, 

KATOⅢ, SNU-5, SNU-16, and MKN-45). Relative mRNA levels after normalization to 

the corresponding β-actin mRNA expression. (B) Expression of Shh, Smo, and Gli1 in 

the normal/tumoral tissue pairs of 19 gastric cancer patients. RNA extract from normal 

and corresponding gastric cancer tissues in 19 individuals was subjected to RT-PCR 

using specific primers for Shh, Smo, Gli1, and β-actin. Relative mRNA level was 

normalized to the corresponding β-actin mRNA expression. (C) Immunohistochemical 

analysis of Shh. Paraffin-embedded human gastric tissue sections were stained by the 

3,3′-diaminobenzidine (DAB) staining method to detect Shh protein in the tissues and 

were counterstained with hematoxylin to stain the nucleus. (a) gastric cancer at early 

stage (stage �). (b) gastric cancer at advanced stage (stage �). Original magnification 

×400.  

Supplementary Figure 2. The proliferation rate and the cell cycle analysis of the vector 

only and Shh-expressing AGS cells. (A) The cells were transfected with Gli1 siRNA or 

non-specific (Con) siRNA and the effectiveness of these siRNA to delete Gli1 



expression was confirmed by RT-PCR analysis. Relative mRNA level was normalized 

to the corresponding β-actin mRNA expression. (B) AGS cells stably transfected with 

Shh (Shh) or control vector (Con) was subcutaneously injected into athymic mice (n=6 

for each group), then the formation and growth rate of the tumor were monitored every 

4 days for 24 days. The data are expressed as the means of three independent 

experiments ±SD. n.s. not significant. The ectopic expression of Shh in tumor 

xenografts was confirmed by Western blotting. (C) Left panel: The BrdU labeling assay. 

AGS cells stably transfected with Shh or control vector (Con) were labeled with BrdU 

as described in Materials and Methods. Incorporated BrdU was measured by reading 

optical densities at 405 nm against the reference of 490 nm. Bars represent the standard 

deviation of three independent experiments conducted in triplicate. Right panel: Flow 

cytometry of AGS cells stably transfected with Shh or control vector (Con). Cells were 

harvested, stained with propidium iodide, and analyzed by FACScan flow cytometry. 

Over 10,000 cells were acquired for analysis. The data are expressed as the means of 

three independent experiments ±SD. (D) The metastatic potential of AGS cells 

expressing Shh or control vector (Con) was assessed by measuring colonization of lung 

surfaces following subcutaneous (S.C) or tail vein injection (I.V) of these cells into 

athymic mice. Seven weeks later, the mice were sacrificed and the tumor colonies on 



lung surfaces (left panel) were counted. The indicated p-values were calculated using 

Student’s t-test.  

Supplementary Figure 3. Effect of Shh signaling on EMT and MMP-9 activity. (A) The cells 

were treated with N-Shh (0.5 µg/ml) alone or together with cyclopamine (10 µM) for 72 

h. Cells were stained with anti-E-cadherin plus Alexa 594-conjugated secondary 

antibody (red) and anti-Snail plus FITC-conjugated secondary antibody (green), 

visualized through fluorescence microscopy. Samples were co-stained with DAPI. 

Original magnification ×400. (B) AGS cells were transfected with MMP-9 siRNA or 

non-specific (Con) siRNA for 24 hr, followed by stimulation with N-Shh (0.5 µg/ml). 

The levels of expression of MMP-9 were then determined by quantitative real-time PCR. 

Supplementary Figure 4. Effect of Shh signaling on Akt activation. (A) MKN-28, AGS, and 

SNU-216 cells were treated with N-Shh (0.5 µg/ml) for indicated times, then Western 

blotting with anti-p-Akt, anti-Akt, or anti-β-actin was performed. Experiments were 

performed in triplicate. (B) Lysates of MKN-28 and SNU-216 cells treated with or 

without N-Shh (0.5 µg/ml) were subjected to immune complex Akt kinase assays with 

the immobilized GSK-3α/β bead as a Akt substrate. (C) Left panel: AGS and MKN-28 

cells were pre-treated with LY294002 (20 µM) for 30 min, followed by stimulation with 

N-Shh (0.5 µg/ml). Protein extracts were prepared for Western blot analysis using 



specific antibodies against p-Akt and Akt. Right panel: AGS and MKN-28 cells were 

stably transfected with Myc (Con), Myc-CA-Akt (CA-Akt), or Myc-DN-Akt (DN-Akt), 

followed by stimulation with N-Shh (0.5 µg/ml). Expression of these Akt mutants and 

their kinase activity were confirmed by Western blotting for Akt and phospho-GSK-

3α/β (Ser21/9), respectively. (D) AGS and MKN-28 cells treated with N-Shh (0.5 

μg/ml) alone or together with Akt1 siRNA (100nM) or nonspecific siRNA (100nM) 

were then evaluated in performance invasion assay. The data are expressed as the means 

of three independent experiments ± SD.  

Supplementary Figure 5. (A) SNU-216 cells were pre-treated with LY294002 (20 µM) 

for 30 min, followed by stimulation with N-Shh (0.5 µg/ml). Cells stained with anti-E-

cadherin plus Alexa 594-conjugated secondary antibody (red) and Snail plus FITC-

conjugated secondary antibody (green) were visualized through fluorescence 

microscopy. Samples were co-stained with DAPI. Magnification ×400. (B) The tumor 

growth rates in subcutaneous tumor xenograft models. AGS cells stably transfected with 

control vector (Con), Shh, DN-Akt, or Shh/DN-Akt was subcutaneously injected into 

athymic mice (n=5 for each group), then the formation and growth rate of the tumor 

were monitored every 4 days for 24 days. The data are expressed as the means of three 

independent experiments ±SD. n.s. not significant.  



Supplementary Figure 6. Immunohistochemical analysis of Shh, E-cadherin, MMP-9, 

and D2-40 in gastric cancer with lymph node metastases. (A) The primary tumor tissues 

derived from gastric cancer patients with lymph node metastases were stained with 

antibodies specific for Shh (a and d), E-cadherin (b and e), and MMP-9 (c and f). 

Original magnification ×200, respectively. (B) (a) D2-40 immunohistochemistry on 

gastric cancer specimen showing stained lymphatic vessels. The D2-40-positive 

lymphatic vessels had irregular morphology and thin-walled lumen, magnification ×200. 

(b) shows a typical lymphatic vessel invasion (LVI) with a tumor cell cluster in a D2-

40-stained lymphatic vessel, magnification ×400. The blood vessels (CD34-position, c) 

and lymphatic vessels (D2-40-position, d) were clearly distinguished by double staining 

of same field, magnification ×400.  


