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Figure 6: UBC12 silencing sensitized prostate cancer cells to radiation. (A–D) si-UBC12 sensitized DU145 to radiation. DU145 
were transfected with siRNA oligonucleotides targeting UBC12. Forty-eight hours later, one portion of cells was plated for clonogenic assay 
(B), one portion was for FACS analysis (C), and still other portion was subjected for IB analysis (A and D). Shown is mean ± SD (n = 3).  
(E) Radiosensitization by inactivation of CRL. Inactivation of CRL by specific small-molecule MLN4924, as well as si-UBC12, which 
inhibited cullin neddylation, lead to accumulation of CRL substrates. Accumulated substrates, including WEE1/p21/p27, CDT1/ORC1 and 
NOXA/BIK that trigger G2 cell-cycle arrest, DNA damage and apoptosis, were related to MLN4924 mediated radiosensitization in prostate 
cancer cells. Shown is mean ± SEM, (n = 3): *P < 0.05, **P < 0.01, ***P < 0.0001. MLN, MLN4924; IR, irradiation; N8, NEDD8.
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Materials and Methods

Cell culture and reagents

Two human DU145 and PC3 prostate cancer 
cell lines were purchased from American Type Culture 
Collection and grown in RPMI1640 with 10% fetal bovine 
serum. Neddylation pathway inhibitor MLN4924 and 
protein biosynthesis inhibitor cycloheximide (CHX) were 
each dissolved in dimethyl sulfoxide (DMSO) and kept in 
–20°C before use.  

Radiation exposure and clonogenic assay

Cells were seeded in 60-mm dishes at proper cell 
densities in duplicate and exposed to different doses of 
radiation (SARRP, Gulmay Medical) after 6 hours pre-
treatment with MLN4924. MLN4924 was washed away 
afterwards, followed by incubation at 37°C for 12 days. 
Survival curves were fitted using the linear-quadratic 
equation, and the mean inactivation dose was calculated [31].

Immunoblotting (IB)

Cells were harvested and cell lysates were extracted 
for immunoblotting as described [32], using antibodies 
against cullin1, p21, p27, WEE1, phospho-histone H3 (p-
H3), total-histone H3 (t-H3), cyclin B1, phospho-H2AX 
(p-H2Ax), total-H2AX (t-H2Ax), CDT1, ORC1, cleaved 
PARP (c-PARP), NOXA, BIK, UBC12, and GAPDH.

RNA interference

The siRNA oligonucleotides are as follows: si-WEE1 
(5′–GAGGCUGGAUGGAUGCAUUUU–3′) [19], si-p21 
(5′–GUGGACAGCGAGCAGCUGAUU–3′) [20] , si-p27 
(5′–CCGACGAUUCUUCUACUCA–3′) [33], si-UBC12 
(5′–GGGCUUCUACAAGAGUGGGAAGUUU–3′) [34] 
and si-Control (5′–UUCUCCGAACGUGUCACGUUU–  3′) 
[35]. The oligoes were purchased from GenePharma 
(Shanghai, China). Cells were transfected with siRNA 
using Lipfectamine 2000 according to the manufacturer’s 
instructions and split 48 hours later. One portion was used for 
clonogenic assay, and the other portion for immunoblotting 
(IB) or fluorescence-activated cell sorting profile.

Propidium iodide (PI) staining and fluorescence-
activated cell sorting (FACS) analysis

Cells were treated with MLN4924, or exposed to 
IR or in combination. After fixed in ice-cold 70% ethanol 
at –20°C overnight, cells were strained with propidium 
iodide (PI; 36 µg/mL; Sigma) at 37°C for 15 minutes, 
and then analyzed cell-cycle profile by CyAn ADP 
(Beckman Coulter). Data were analyzed with ModFit LT 
software [32].

Detection of apoptosis

Cells were treated with the indicated concentration 
of MLN4924 for 24 and 72 hours. Apoptosis was 
determined with the Annexin V-FITC/PI Apoptosis 
Kit (BioVision, Inc. Milpitas, California) according to 
manufacturer’s instructions.

Real-time polymerase chain reaction (real-time 
PCR) analyses 

Total RNA was isolated using the Trizol 
reagent (Invitrogen, Carlsbad, CA) according to the 
manufacturer’s instructions and treated with RNase-
free DNase. The reverse transcription reaction was 
performed on 1 μg of total RNA per sample using the 
PrimerScript reverse transcription reagent kit (TaKaRa, 
Shiga, Japan) according to the manufacturer’s protocol. 
After reverse transcription, the real-time polymerase 
chain reaction (PCR) was performed using the Power 
SYBR Green PCR MasterMix (Applied Biosystems, 
Foster City, CA) on the ABI 7500 thermocycler (Applied 
Biosystems) following the instrument manual. The 
sequences of the primers are as follows: Human β-actin: 
forward 5′-TGACGTGGACATCCGCAAAG-3′, reverse 
5′-CTGGAAGGTGGACAGCGAGG-3′ [35] ; Human 
WEE1: forward 5′-ATTTCTCTGCGTGGGCAGAAG-3′, 
reverse 5′-CAAAAGGAGATCCTTCAACTCTGC-3′ [36];  
Human p21: forward 5′-GACTCTCAGGGTCGAAAA 
CG-3′, reverse 5′-GGATTAGGGCTTCCTCTTGG-3′ [37]; 
 Human p27: forward 5′-TCCGGCTAACTCTGAGGAC 
AC-3′, reverse 5′-TGTTTTGAGTAGAAGAATCGTC 
GGT-3′  [37].

Statistical analysis

ANOVA were used with SPSS (Statistical Product 
and Service Solution) software for statistical comparisons 
involving multiple groups, followed by SNK post hoc test 
to determine significance of each two group (p < 0.05). 
The unpaired 2 - tailed t test was performed for the 
comparison of two groups, and the level of significance 
was set at ∗∗∗P < 0.05, ∗∗∗P < 0.01, ∗∗∗P < 0.0001, using 
GraphPad Prism5 software.
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