
Supplementary Materials and Methods 

Cell Culture HCT116 (TP53 +/+ and TP53-/-) cells were provided by Dr. Bert Vogelstein (Johns 

Hopkins University, Howard Hughes Medical Institute, USA) (27). Cells were maintained in DMEM 

supplemented with 10% FBS and 100 units of penicillin/streptomycin. These cell lines were tested 

before the experiments by monitoring the cell morphology by microscopy and confirmed to maintain 

their morphological image in comparison with the original morphologic images and analyzed growth 

curve. No mycroplasma contamination was confirmed in cultures of these entire cell lines using 

Mycoplasma detection kit (Roche) in April, 2010. 

Establishment of Ebp1 stable expression cell lines The human malignant glioma cells (U87, U138) 

and NIH3T3 cells (purchased from the American Type Culture Collection, Manassas, VA) were 

maintained in Dulbecco’s Modification of Eagle’s medium supplemented with 10% heat inactivated 

fetal bovine serum and incubated in a humidified incubator at 37°C with 5% CO2. Plasmid 

transfection was performed using electroporator (Invitrogen) according to the manufacturer’s 

instructions. For selection of stable clone, pEGFP-p48, -p42 and only pEGFP vector were transfected 

into several glioma or NIH3T3 cells and incubated for 48 hours at 37°C. These cells were changed in 

medium containing G418 (600 μg/ml). After two or three weeks, G418-resistant colonies were 

isolated with the use of FACS sorter or colony picking method, and individual colonies were 

expended. For generation of Ebp1 knockdown cell lines, PC12 cells were stably transfected sh-Ebp1-

pENTR/H1/TO or vector control constructs (Invitrogene), which is regulated by tetracycline and 

selected by Zeocine. For depletion of Ebp1, Sh-Ebp1 expressing PC12 cells or control vector 

expressing PC12 cells were maintained in inducible medium (2 μg/ml of doxycyclin) for 48 hours. 

Antibodies Anti-p53 (DO-1), anti-GFP, anti-HA, anti-Myc, anti-MDM2(SMP14), anti-β-actin, and  

anti-Tubulin antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-Ebp1 

antibody was obtained from Upstate Chemicon (Temecula, CA) and anti-N-p48 was generated from 

Abfrontier Co., Ltd. (Seoul, Korea). Anti-p21 and anti PCNA antibodies were from Calbiochem (San 

Diego, CA). 

Animal Experiments The glioma growth effect of Ebp1 isoforms was examined in an in vivo 



intracranial and subcutaneous animal model. The animal studies and all procedures were approved by 

the Sungkyunkwan University School of Medicine Institutional Animal Care and Use Committee 

(IACUC). The growth effect of Ebp1 isoforms on glioma growth was examined in an in vivo 

intracranial and subcutaneous animal model. There were five mice per group. Briefly, 6- to 8-week-

old athymic nude (nu/nu) mice were housed in laminar-flow cabinets under specific-pathogen-free 

conditions. Animals were anesthetized by Intraperitoneal (i.p.) injection with 12 mg/kg of xylazine 

(Rompun; Cutter Laboratories, Shawnee, KS) and 30 mg/kg of ketamine (Yuhan Ketamine; Yuhan 

Co.,Ltd., Seoul, Korea) and were held in a stereotactic frame with an ear bar. Human glioblastoma 

cell lines (U87, and U138) cells stably transfected with GFP only vector, GFP-p48 Ebp1 or GFP-p42 

Ebp1 (1 × 105 cells in a volume of 3 μl PBS, n = 5 mice per group) were injected slowly into the brain 

(2 mm lateral and 1 mm anterior to bregma, at a 3 mm depth from skull surface) with a Hamilton 

syringe. 14 days (U87) or 28 days (U138) after inoculation, the animals were killed and fixed by 

intracardiac perfusion of 4% paraformaldehyde in PBS, and the brains were removed. The midcoronal 

sections of the whole tumors were processed for histological and immunohistochemical analyses. In 

addition, U138 cells stably expressing GFP-p48, GFP-p42, or GFP-vector control (5 × 106 cells) were 

injected subcutaneously into the right flank of the nude mice (n = 5 mice per group). Tumor volume 

for S. C. models was measured every 5 days using caliper, and tumor volume was calculated from the 

major (a) and minor (b) axis of the tumors using the following formula: V = a × b2/2. The presence of 

tumor in the brain was evaluated by serial coronal cutting with 1 mm thickness from the tumor cell 

inoculation site. The maximum area of the tumor stained H&E was selected and transcribed onto 

paper (X4.0 actual size) by zoom stereo microscope with a drawing attachment. The transcribed area 

of the tumor was then measures with a planimeter. 

Patients and Tissue Collection 

62 patients with GBMs were included in the current study. All patients were underwent surgery at 

Samsung Medical Center between January 2004 and December 2006. The patients’ population was 

summarized (24). TMA was made with a pathological review of all cases. A representative area of 

each tumor was marked on an H&E section and corresponding tissue core of 2-mm diameter was 



extracted from the original donor block using an arraying machine (MTA-1, Beecher Instruments, Sun 

Prairie, WI). The cores were fit into a vertical hole that was bored in a recipient paraffin block. 

Recipient blocks were incubated at 58ºC for 5 min, pressed on a hot plate for 3 min, and cooled in ice 

water to enable tissue cores to integrate into the recipient block. Sections of 4 μm thickness were cut 

from each array block. 

Immunohistochemistry  

Microarray of 62 patients with GBMs tissue was performed using an immunohistochemistry assay 

with antibodies against Ebp1 (Upstate) and N-p48 (Abfrontier Co., Ltd., Seoul, Korea), and procedure 

as described previously (24). Sections were immunostained with Rabbit polyclonal antibodies to Ebp1 

and N-p48. Tumor-containing sections were baked at 60°C for 30 minutes, deparaffinized in xylene, 

and rehydrated in graded concentrations of ethanol.Immunostaining involved sequential applications 

of primary antibody (Ebp1 at 1:100 and N-p48 at 1:100) for 16 hours at 4°C, followed by biotinylated 

secondary antibodies (Vector Laboratories, Orton, Southgate, UK) at a 1:100 dilution for 1 hour and 

avidin-biotin complex (Elite ABC; Vector Laboratories) for 1 hour. Negative control slides received 

normal mouse serum (Dako Corporation, Carpinteria, Calif) as the primary antibody. 

Diaminobenzidine tetrahydrochloride was used as the enzyme substrate to observe the specific 

antibody localization, and Harris hematoxylin was used as a nuclear counterstain.  

Flow Cytometry Cells were collected via trypsinization. After washing with PBS, 2 × 106 cells were 

stained with Annexin V-FITC apoptosis detection kit (BioBud), or fixed in 70% ethanol at −20°C, for 

at least 24 hours. The pellets were resuspended in 50 μl phosphate/citrate buffer (0.2 M Na2HPO4, 

0.1 M citrate, pH 7.5) for 30 minutes at RT. The cells were washed in 5 ml of PBS, and incubated 

with propidium iodide solution (20 μg/ml pI, 20 μg/ml RNase A in PBS) for 30 minutes at RT. The 

samples were then analyzed with the FacsCalibur system (Becton Dickinson, USA). 

 

Supplementary Figure Legends 

Supplementary Figure 1. Differential expression levels of p48 in glioma cell lines. (A) Ebp1 

mRNA was determined by semiquantitative reverse transcription (RT) – PCR. GAPDH was used as 



an internal loading control for RT-PCR. The bar graphs describe the GAPDH normalized Ebp1 (left) 

and Ebp1 isoform (p48, p42) mRNA levels (right) in glioma cell lines (left). (B) Total Ebp1 and N-

p48 protein expression level were analyzed by immunoblotting. Equal amounts (20 μg) of isolated 

protein from each cell extracts were loaded with 12% SDS-PAGE. Actin was used as an internal 

loading control. The bar graphs describe the actin normalized Ebp1 and N-p48 protein levels in 

glioma cell lines. (C) Glioma cells were grown at low density on sterilized coverslips and processed 

for the immunofluorescence procedure after fixation. Slides were incubated with total Ebp1 or N-p48 

antibody followed by FITC-conjugated secondary antibody and were observed under fluorescent 

microscope. Scale bar = 20 μm. 

Supplementary Figure 2. The establishment of glioma and NIH3T3 cell lines stably expressing 

Ebp1 constructs. The U87, U138 and NIH3T3 cells were stably transfected with Mock, p48 and p42 

as described in material methods. (A) Representative digital microscopic images of stably transfected 

GFP-Ebp1 isoforms were assessed. Scale bar = 200 μm. (B) Total of 30 μg protein from stale cell 

extracts were loaded with 12% SDS-PAGE. Tubulin was used as an internal loading control. (C) 

Representative digital microscopic images of GFP-Ebp1 isoforms stable cells were assessed (left). 

Scale bar = 200 μm. Immuoblotting analysis of p48 and p42 protein expression in stably expressing 

NIH3T3 mouse fibroblast cell lines (right). (D) Representative photomicrographs of colony formation 

in soft agar using NIH3T3 Ebp1 cells. Scale bar = 100 μm (left), 500 μm (right). (E) Tumor formation 

was observed nude mouse subcutaneously injected with NIH3T3/p48, but not NIH3T3/p42 or 

NIH3T3/mock vector (left). Tumor volumes were measured every 5 days (right).  

Supplementary Figure 3. Silencing effect of p48 by N-si-p48 or N-sh-p48 in glioma cells. (A) U87 

cells were transfected with N-si-p48, N-sh-p48 or si-Ebp1. After 48 hours, 30 μg of total cell lysate 

was immunoblotted with anti-Ebp1 antibody. (B) U87 cells, stably transfected with GFP-p48 or -p42, 

were treated with N-si-p48 for 30 hours and analyzed by immunoblotting. (C) Representative 

photomicrographs of colony formation in soft agar using glioma cell lines silenced by N-si-p48. Scale 

bar = 100 μm (left), 500 μm (right). (D) Representative photographs of invasive glioma cells silenced 

by N-si-p48. (E) Nuclear condensation of glioma cells treated with genotoxic agents taken using a 



fluorescent microscope. Scale bar = 5 μm. 

Supplementary Figure 4. Depletion of p48 levels by N-sh-p48 or si-Ebp1 produces similar 

cellular responses to that seen using N-si-p48. (A) Flow cytometry after Annexin V staining of U87 

cells silenced with control SCR (20 nM) or si-Ebp1 (20 nM (+), 40 nM (++)) for 30 hours. (B) 

Photomicrographs of colony formation in soft agar by glioma cells transfected with control pGE1 

vector or N-sh-p48 (5 μg) (left) and SCR or si-Ebp1 (20 nM) transfected glioma cells (right). Scale 

bar = 100 μm (left), 500 μm (right). The numbers of colonies are shown in the form of bar graphs. (C) 

Cell invasion assay by SCR or si-Ebp1 transfected cells (top). Quantification of invaded cells is 

shown under the bar graphs (bottom). (D) PC12 cells were with stably transfected sh-Ebp1-

pENTR/H1/TO or vector control constructs (Invitrogen), using tetracycline regulation and Zeocine 

selection. Sh-Ebp1 expressing PC12 cells or control vector expressing PC12 cells were maintained in 

inducible medium (2 μg/ml of doxicyclin) for 48 hours and then GFP-p48 or GFP-p42 was introduced 

into the sh-Ebp1 expressing PC12 cells. The number of viable cell were counted at the indicated times 

and immunoblotting was performed using anti-PCNA, anti-GFP, and anti-Ebp1 antibodies. Anti β-

actin antibody was used as an internal control. (E) U87 cells, silenced by si-Ebp1, were treated with 

staurosoporine (STS, 100 nM), etoposide (ETO, 100 μM) or actinomycin D (ACT, 10 μg/ml) for 8 

hours. Cells were then stained with DAPI and condensed nuclei were counted under a fluorescent 

microscope. 

Supplementary Figure 5. Only p48 Ebp1 expression is related to clinical outcome. (A)Three 

representative GBM (bottom) and tumor-associated normal neural tissue (top), stained with anti-N-

p48 (right) or anti-Ebp1 (left) antibody. Scale bar = 50 μm. (B) Expressional correlation of p48 and 

total Ebp1 was analyzed immunohistochemically using a TMA including surgical GBM tissues of 62 

patients. Ratio of p48 and total Ebp1-positive cell were categorized into 4 groups according to 

positive cell ratio (<25%, 25%~50%, 50~75%, and 75%) for each protein. No specific correlation was 

observed. p=0.137 (C) The association with clinical parameter (overall survival (left) or progression 

free survival (right)) and total Ebp1 expression levels of 62 GBM patients were analyzed by the 

Kaplan-Meier and Log-rank test. 



Supplementary Figure 6. p48 down-regulates p53 levels via HDM2. (A) U87 and T98G cells were 

transfected with SCR or si-Ebp1 (40 nM) and incubated for 30 hours. Immunoblotting was performed 

as shown. (B) LNT229 (p53WT, p53KD) cells were transfected with GFP-p48/ vector control (left) or 

SCR/ N-si-p48 (40 nM) (right) for 30 hours and immunoblotting was performed to monitor p53, p21, 

and Ebp1 levels. (C and D) U87 cells, silenced by SCR or N-si-p48 (20, 40, 60 nM) and transfected 

with Luc-p21 reporter (100 ng). pRL-CMV (0.02 μg) was used as an internal control. Relative mRNA 

levels of p53 and p21 are shown in C. Luciferase analysis results are shown in D. Results are mean ± 

S.D. from three independent experiments. (E) The levels of p53 mRNA in U87 cells transfected as 

indicated. (F) LNT229 and HCT116 cells were transfected with SCR (20 nM) or N-si-p48 (20 (+), 40 

nM (++)).The relative fold changes in the number of proliferating (MTT assay) (top) and apoptotic 

cells (Annexin V positive) are presented as bar graphs (bottom). (G) LNT229 (p53WT, p53KD) cells 

were transfected with SCR or N-si-p48 (40 nM) and treated with staurosoporine (100 nM), etoposide 

(100 μM), or actinomycin D (10 μg/ml) for 8 hours. To quantify nuclei condensation, cells were 

stained with DAPI (×100) and condensed cells were counted.  

 

 

 

 

 


