
 

 

Introduction 
 
Survivin, a critical member of the inhibitor of 
apoptosis (IAP1) family proteins [1-3], is highly 
expressed in human cancer, but undetectable 
in most normal differentiated adult tissues [4]. 
Survivin is involved in the regulation of apop-
tosis and the control of cell cycle and mitosis [5-
7], and may also play important roles in other 
pathophysiological processes [8, 9], including 
its important role in cancer initiation [10] and 
angiogenesis [11-13], tumor progression, drug/
radiation resistance [14], and tumor relapse [7, 
15]. For example, we recently demonstrated 
that inhibition of survivin expression by a small 
chemical molecule SN-38, the active form of 

irinotecan, enhances effectiveness of a MDR-
sensitive compound T138067 [16], suggesting 
survivin is a drug resistant factor. Given its aber-
rant expression in cancer, its ability in anti-
apoptosis and drug/radiation resistance, pro-
motion of cancer cell proliferation, and its asso-
ciation with various clinicopathological parame-
ters, survivin potentially is one of the most 
promising targets for cancer therapy. Further-
more, due to its relative absence within normal 
tissue, it has potential to have very limited toxic-
ity. 
 
YM155, a small chemical molecule survivin sup-
pressant, was discovered via a high throughput 
screening of compound libraries using a survivin 
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Abstract: YM155, a novel survivin suppressant, shows potent antitumor activity against various human cancers and is 
currently in phase II clinical trials. In this study, we investigated whether YM155 selectively inhibits survivin transcrip-
tion. We hypothesize that inhibition of survivin transcription plays a role in YM155-mediated survivin inhibition. We 
found that YM155 inhibited survivin promoter activity, while it showed minimal inhibitory effect on four control gene 
promoters in transfection and luciferase activity assay experiments, indicating its selectivity. Transfection of various 
survivin promoter-luciferase constructs followed by luciferase assays revealed that the survivin core promoter (269 
bp) plays a major role in YM155-mediated inhibitory effects. However, flow cytometry analysis indicated that inhibi-
tion of survivin promoter activity by YM155 is cell cycle-independent without G1 cell arrests. Electrophoretic mobility 
shift assays (EMSA) identified that YM155 abrogates nuclear proteins binding to the region of -149 to -71, in which 
Sp1 is a major candidate, and that YM155 treatment induces Sp1 re-subcellular localization without inhibiting its 
expression. Forced expression of Sp1 neutralized YM155-mediated downregulation of survivin promoter activity. Con-
sistently, mutation of the identified Sp1 sites in the oligonucleotide probe diminished DNA-protein interactions in 
EMSA experiments, and mutation of the Sp1 sites in the survivin promoter-luciferase construct diminished survivin 
promoter activity. These findings indicate that YM155 inhibition of survivin expression is at least in part through its 
inhibition of survivin transcription by disruption of Sp1 interaction with the region of -149 to -71 in the survivin core 
promoter. 
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gene promoter-luciferase reporter as a bio-
marker. YM155 has unique chemical structure 
(Figure 1A) and shows robust anti-proliferative 
activities against various human cancer cells 
regardless of p53 status [17]. Continuous infu-
sion of YM155 induces tumor regression with-
out body weight loss in experimental animal 
models of human cancer xenografts [17], sug-
gesting a relative low toxicity to normal tissues. 
Moreover, YM155 induces regression of estab-
lished human hormone-refractory prostate tu-
mor xenografts [18]. Currently, YM155 is ac-
tively studied in various preclinical models [18-
26] and clinical trials [27-32]. Recent studies 
showed that YM155 appears to be a promising 

compound for drug combination 
treatment [24, 33, 34]. For exam-
ple, Iwasa et. al. found that com-
bination of YM155 with platinum 
compounds induced synergistic 
effects including the increase of 
apoptotic cells and caspase-3 
activity, and delayed growth of 
NSCLC tumor xenografts in ani-
mal models greater than either 
treatment alone [24]. 
 
Based on the information above, 
it would be important to define 
whether inhibition of survivin tran-
scription by YM155 contributes to 
YM155-mediated inhibition of 
survivin expression. Here, we re-
port the first study on this topic. 
We show that inhibition of sur-
vivin promoter activity by YM155 
is survivin gene-selective, is 
largely within the 269 bp survivin 
core promoter, and is cell cycle 
independent. Our data further 
shows that abrogation of binding 
of transcription factor Sp1 to re-
gion of -149~-71 in the survivin 
core promoter by YM155 plays a 
pivotal role in YM155-mediated 
suppression of survivin promoter 
activity.  
 
Materials and methods 
 
Cell culture and reagents 
 
Cancer cell lines from lung (EKVX, 
A549, H3255, Hop62, H1650), 
prostate (PC-3, LNCaP-LN3 and 

PC-3m), and colon (HCT116) were maintained in 
RPMI1640, supplemented with 10% fetal bo-
vine serum (FBS) (Mediatech Cellgro, Herndon, 
VA) and 100 units/ml of penicillin, and 100 μg/
ml of streptomycin (Invitrogen, Carlsbad, CA). 
Cancer cell lines from ovarian (2008) and 
breast (MDA-MB-231) were maintained in 
DMEM, supplemented with 10% FBS, 100 
units/ml of penicillin, and 100 μg/ml of strepto-
mycin. Cells were maintained in a humid atmos-
phere incubator with 5% CO2 at 37°C and were 
routinely subcultured twice weekly. YM155 was 
provided by Astellas Pharma Inc., Japan. For 
EMSA supershift experiments, Sp1 antibodies 
(sc-14027x and sc-59) and normal IgG (sc-

Figure 1. Selective inhibition of survivin promoter activity by YM155: A. 
Chemical structure of YM155. The two structural formats for YM155 
have the same molecular weight (443.3). B. Subconfluent EKVX lung 
cancer cells were transfected with survivin promoter-luciferase con-
structs and treated with and without YM155 for 24 hours as shown, 
followed by a luciferase activity assay. C. Subconfluent EKVX cells were 
transfected with luciferase reporter constructs driven by promoters from 
the genes for DHFR, p21, HTR, and TK, followed by either no or YM155 
treatment and luciferase activity assays as in B. Data are shown in his-
tograms and each bar is the mean ± SD derived from three independ-
ent assays in panels B and C. D. YM155 inhibits endogenous survivin 
expression, but shows no inhibitory effects on the endogenous expres-
sion of p21 and DHFR. Subconfluent EKVX cells were treated with and 
without YM155 as shown for 24 hours. Cells were then lysed and ana-
lyzed by western blots using the corresponding antibodies. Actin was 
used as an internal control. 
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2027) were purchased from Santa Cruz (Santa 
Cruz, CA); Ap2 antibody (39304) and Ap2 inhibi-
tory peptide (37504) were purchased from Ac-
tive Motif (Carlsbad, CA). Propidium iodide (PI) 
and 4', 6-Diamidino-2-phenylindole (DAPI) were 
purchased from Sigma (St. Louis, MO). The Dual
-Luciferase Reporter Assay System was pur-
chased from Promega (Madison, WI). Restriction 
enzymes were bought from New England Bio-
labs (Beverly, MA). LipofectamineTM 2000 re-
agents were purchased from Invitrogen 
(Carlsbad. CA) and Fugene HD transfection re-
agents were purchased from Roche 
(Indianapolis, IN). 
 
Human survivin promoter-luciferase constructs 
 
The human survivin promoter-luciferase con-
structs, pLuc-6270, pLuc-2840, and pLuc-
1430c were characterized previously [35]; pLuc-
6309 was cloned by addition of the 39 bp DNA 
sequence (GAA TCG CGG GAC CCG TTG GCA 
GAG GTG GCG GCG GCG GCA) from the “A’ in 
the translational start site (ATG) of the survivin 
gene to the 3’-end of the survivin promoter in 
pLuc-6270, and pLuc-269 (pLuc-cyc1.2) was 
characterized previously [36], which contains 
the 3’-end 269 bp sequence of the survivin pro-
moter in the pLuc-6309 construct. Of note, the 
number in the pLuc vector is the bp of the pro-
moter length used throughout this report. 
 
YM155 treatment, plasmid transfection and 
luciferase reporter assay 
 
Cells were treated with various concentrations 
of YM155, as shown in the corresponding ex-
periments, in the presence of complete cell cul-
ture medium containing 10% FBS in all experi-
ments. Cells were seeded in 48-well plates 
(2.5x104 per well) and grown to approximately 
70% cell confluence before transfection. Each 
of the relevant survivin promoter-luciferase con-
structs generated previously [35], or in this 
study, was co-transfected with pRL-TK (TK pro-
moter-Renilla-luciferase construct, internal con-
trol) into cells as follows: every 245 ng of a sur-
vivin reporter construct and 5 ng of pRL-TK in 
100 µl serum-free DMEM was mixed with 100 
µl serum-free DMEM containing 0.4 μl Lipofec-
tamineTM 2000. After incubation at room tem-
perature for 20-25 minutes, the DNA/
Lipofectamine 2000 mixture was added to each 
well of a 48-well plate 6 hours post-transfection. 
culture medium in each well containing DNA/

Lipofectamine 2000 was substituted by fresh  
culture medium supplemented with YM155 to 
designated concentration. Cells were treated 
with YM155 for up to 24 hours followed by 
luciferase assays. For the luciferase assay, a 
Dual-Luciferase Reporter Assay System 
(Promega) was used. The transfected cells in 48
-well plates were washed with PBS and lysed 
with 150 µl 1x passive lysis buffer on a shaker 
for up to 1 hour at 4°C. The firefly and Renilla 
luciferase activity was measured with 20 µl cell 
lysates and 20 µl reagents in each assay in trip-
licate using a Synergy 2 microplate reader 
(Biotek, Winooski, VT). Data were normalized to 
Renilla luciferase activity (internal control) as 
arbitrary units and plotted as a histogram from 
three independent experiments in triplicate.  
 
Western blot analysis 
 
Immuno-blotting analysis of protein expression 
was performed following our previous protocols 
[37]. Protein of interest was detected using 
Western Lightning-ECL (Perkin Elmer, Waltham, 
MA) and visualized by exposure with an appro-
priate time (5-60 seconds). Actin was used as 
an internal control. 
 
Flow cytometry analysis of cell cycle distribution 
 
Fluorescence-activated cell sorting (FACS) or 
flow cytometry was performed for analysis of 
cell cycle distribution during cell cycle progres-
sion following the previous protocol [37]. Sub-
confluent cells were treated with or without 
YM155 at various time points, then were har-
vested by trypsinization, and washed with PBS. 
Cells (~1x106) were resuspended in 5 ml of 
70% ethanol. After the initial fixation, cells were 
resuspended in 0.5 ml PBS containing 25 µg/ml 
propidium iodide (PI), 0.2% Triton X-100, and 40 
µg/ml RNase A, and incubated for at least 30 
minutes at 4°C. Then cells were analyzed for 
immunofluorescence intensities using FACS 
(FACScan, Becton Dickinson, San Jose, CA) with 
10,000 events per sample. Data from FACS 
were analyzed using WinList software (Verity 
Software House Inc., Topsham, ME).  
 
Oligonucleotide-directed mutagenesis of the 
CDE motifs within the 269 bp survivin promoter-
luciferase construct 
 
Oligonucleotide-directed mutagenesis of the 
CDE motif in the 269 bp survivin promoter was 
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carried out by PCR, followed by cloning mutated 
PCR fragments into pLuc vector, respectively. All 
mutated bases are in small letters and follow 
the role of G/T or C/A exchange at the mutated 
site, e.g. a “G” will be mutated to “T’ or vice 
versa. The 5’-end primers used for PCR are 
hscyc-1 (CGC GGATCC (BamH I) GCG TTC TTT 
GAA AGC AGT C), hR1m (CG GGATCC GCG TTC 
TTT tcA AGC AGT CGA GGG Gtg tCT AGG TGT G) 
and hR23m (CG GGATCC GCG TTC TTT GAA AGC 
AGT CGA GGG GGC GCT AGG TGT GGG CAG GGA 
CGA GCT GGa GaG GCG TCG CTG GtTt CAC CGC 
GAC CAC GGG CAG AGC CAC GCt tat GtA GGA 
CTA CAA C). The 3’-end primers used for PCR 
are hscyc-2 (CCC AAG CTT (Hind III) TGC CGC 
CGC CGC CAC CTC TG), hR4m (CCC AAG CTT 
TGC CGC CGC CGC CAC CTC TGC CAA CGG GTC 
CCG CGA TTC AAA TCT GGC GGT TAA TGG CGC 
GCC GCG GGG CAT GTC GGG AGC Gac aGC CCT 
CTT AGG CGG TCa cCC CCC ata GGC CTT CTG), 
hR5m (CCC AAGCTT TGC CGC CGC CGC CAC CTC 
TGC CAA CGG GTC CCG CGA TTC AAA TCT GGC 
GGT TAA TGG CGC tCC tCG GGG CAT), hR6m 
(CCC AAGCTT TGC CGC CGC CGC CAC CTC TGC 
CAA CGG GTC CCt CGA Tga AcA TCT GGC GG) 
and hR7m (CCC AAGCTT TGC atC CGC atC CAC 
CTC TG). PCR amplification with primer pairs of 
hscyc-1/hR4m, hscyc-1/hR5m, hscyc-1/hR6m, 
hscyc-1/hR7m, hR1m/hR4m, hR1m/hR5m, 
hR1m/hR6m, hR1m/hR7m, hR1m/hscyc-2, 
hR23m/hR4m, hR23m/hR5m, hR23m/hR6m, 
hR23m/hR7m and hR23m/hscyc-2, respec-
tively, using the survivin pLuc-269 construct as 
DNA templates, resulted in 269 bp PCR prod-
ucts of 269hR4m, 269hR5m, 269hR6m, 
269hR7m, 269hR5m, 269hR5m, 269hR14m, 
269hR15m, 269hR16m, 269hR17m, 
269hR1m, 269hR234m, 269hR235m, 
269hR236m, 269hR237m and 269hR23m in 
the human survivin promoter, respectively. After 
digestion with BamH I/Hind III, these mutated 
PCR products were cloned into the pLuc vector 
at the BamH I/Hind III sites upstream of the 
luciferase reporter gene, respectively. The iden-
tified new constructs were sequenced and des-
ignated as pLuc-269hR4m, pLuc-269hR5m, 
pLuc-269hR6m, pLuc-269hR7m, pLuc-
269hR5m, pLuc-269hR5m, pLuc-269hR14m, 
pLuc-269hR15m, pLuc-269hR16m, pLuc-
2 6 9 h R 1 7 m ,  p L u c - 2 6 9 h R 1 m ,  p L u c -
269hR234m, pLuc-269hR235m, pLuc-
269hR236m, pLuc-269hR237m and pLuc-
269hR23m, respectively. These obtained CDE 
sites-mutated constructs were used for trans-
fection followed by measuring luciferase activity 

in the presence and absence of YM155 treat-
ment. The obtained data from YM155-untreated 
cells were divided by the data from YM155-
treated cells as fold decrease. The wild type 
(pLuc-269) in the same condition was used as a 
positive control. 
Determination of YM155 interaction with DNA 
using high percentage polyacrylamide gel via 
electrophoretic gel mobility shift assay (EMSA) 
 
We performed the experiments as we did previ-
ously [38, 39]. Briefly, to determine the possible 
direct interaction of SCPO-4 and SCPO-5 DNA 
elements with YM155, the [γ-32p]ATP-labeled 
SCPO-4 and SCPO-5 probes were mixed with 
and without different concentration of YM155 
for 20 minutes at 25°C. Other the reactions 
were then run on a 15% instead of 5% non-
denaturing polyacrylamide gel. Gels were 
peeled off with Waterman paper and covered by 
Saran wrap, followed by autoradiography to 
visualize the potential shift resulted from 
YM155-DNA interactions. 
 
Isolation of cell nuclear extracts 
 
The isolation of cell nuclear extracts was de-
scribed in detail in our previous publications 
[38, 39]. Briefly, cells treated with or without 
YM155 were scraped into ice-cold PBS and col-
lected by centrifugation. Cell pellets were then 
gently resuspended with 3X cpv (cells pellet 
volume) of the ice cold buffer A, without TritonX-
100, to wash the cells. Next, cells were pelleted 
gently and resuspended well in 3X cpv of ice 
cold buffer A with 0.1% TritonX-100 (w/v). The 
resuspended cells were allowed to swell for 12-
15 min on ice. Cell nuclei were then collected by 
centrifugation (3440g) for 15 min at 2°C and 
resuspended in 1X pnv (packed nuclei volume) 
of ice cold buffer C. The cell suspension was 
incubated on ice (~2°C) for 30 min with con-
tinuous mixing. The cell nuclear extracts 
(supernatant) were collected by centrifugation 
at 25,000g for 30min at 2°C. The nuclear ex-
tracts were frozen in liquid nitrogen in aliquots 
(50-100 μl/1.5 ml tube) and stored at -80°C for 
gel shift experiments. 
 
Electrophoretic gel mobility shift assay (EMSA) 
 
The EMSA was performed following our previous 
protocol [38, 39]. Briefly, DNA oligonucleotides 
labeled at the 5’-end with [γ-32P] ATP or by fill-in 
reaction with [α-32P] dCTP were used as probes. 
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Nuclear extracts (4-10 μg) were pre-incubated 
in the binding buffer for 20 min at 25°C in a 
volume of 19 μl with and without unlabeled oli-
gonucleotide competitors in the presence and 
absence of a relevant antibody (EMSA super-
shift assay). After addition of 1 μl labeled DNA 
(1-2x105 cpm), the mixture was incubated for 
an additional 20 min at 25°C. Each reaction 
mixture was then run on a 5% non-denaturing 
polyacrylamide gel and electrophoresed at 
200V in 0.5xTBE buffer at 25°C for 1-2 hours. 
Gels were peeled off with waterman paper and 
covered by Saran wrap, followed by autoradio-
graphy to visualize the protein-DNA interaction 
complexes. Oligonucleotides used in EMSA ex-
periments are summarized in Table 1. 
 
Immunofluorescence microscopy 
 
The immunofluorescence experiment was per-
formed following our previously established 
method. [40]. Briefly, EKVX cells were seeded 
on circular glass coverslips coated with 2% gela-
tin in 12-well plates. Cells grown to about 50% 
confluence were fixed with 4% paraformalde-

hyde in PBS and permeabilized with PBS con-
taining 2% BSA and 0.2% Triton X-100, and then 
incubated in PBS containing 1% BSA, 0.2% Tri-
ton X-100, and anti-Sp1 antibody (1:500) for 60 
minutes at 37°C. After washing with PBS, cells 
were incubated in PBS containing Alexa Fluor 
594 goat anti-rabbit IgG antibodies for 45 min-
utes at room temperature, followed by staining 
with 4', 6-diamidino-2-phenylindole (DAPI) at a 
final concentration of 0.5 µg/ml in PBS for 10 
min. Coverslips were then mounted on glass 
slides with Gel/MountTM solution (Biomedia, 
Foster City, CA). Cell images were digitally cap-
tured using a Zeiss Axiovert 100 M Fluores-
cence Microscopy System. 
 
Systematic deletion of the survivin promoter-
luciferase construct pLuc-269 
 
Systematic truncation of the 269 bp survivin 
core promoter in the pLuc-269 was performed 
using a PCR approach followed by subcloning 
steps as follows. The 5’-end set of PCR primers 
are P257 (CGC GGATCC AAG CAG TCG AGG 
GGG, the BamH I site is underlined), P237 (CGC 

Table 1. Summary of oligonucleotides used in EMSA experiments. 
Name DNA sequence (only forward chains are shown) Position 

SCPO1 
SCPO2 
SCPO3 

  
SCPO4 
SCPO4m1 
SCPO4m2 
SCPO4m3 
SCPO4m4 

  
SCPO5 
SCPO5m1 
SCPO5m2 
SCPO5m3 
SCPO5m4 
SCPO5m5 
SCPO5m6 
SCPO5m7 

  
SCPO-6 
SCPO-7 

  
Sp1 
Ap2 

GCGTTCTTTGAAAGCAGTCGAGGGGGCGCTAGGTGTGGGCAGGGA 
GGGACGAGCTGGCGCGGCGTCGCTGGGTGCACCGCGACCACGGGCAGAG 
GGGCAGAGCCACGCGGCGGGAGGACTACAACTCCCGGCACACCC 
  
GCACACCCCGCGCCGCCCCGCCTCTACTCCCAGAAGGCCG 
GCACACCaaGCGCCGCCCCGCCTCTACTCCCAGAAGGCCG 
GCACACCCCGatCCGCCCCGCCTCTACTCCCAGAAGGCCG 
GCACACCCCGCGCCGCCaatCCTCTACTCCCAGAAGGCCG 
GCACACCCCGatCCGCCaatCCTCTACTCCCAGAAGGCCG 
  
GCCGCGGGGGGTGGACCGCCTAAGAGGGCGTGCGCTCCCGACATG 
GCCGatGGGGGTGGACCGCCTAAGAGGGCGTGCGCTCCCGACATG 
GCCGCGttGGGTGGACCGCCTAAGAGGGCGTGCGCTCCCGACATG 
GCCGCGGGttGTGGACCGCCTAAGAGGGCGTGCGCTCCCGACATG 
GCCGCGGGGGGTGGACataaTAAGAGGGCGTGCGCTCCCGACATG 
GCCGCGGGGGGTGGACCGCCTccGAtttCGTGCGCTCCCGACATG 
GCCGCGGGGGGTGGACCGCCTAAGAGGGatTtaGCTCCCGACATG 
GCCGCGGGGGGTGGACCGCCTAAGAGGGCGTGCGCTaaatACATG 
  
GACATGCCCCGCGGCGCGCCATTAACCGCCAGATTTGAAT 
GAATCGCGGGACCCGTTGGCAGAGGTGGCGGCGGCGGC 
  
ATTCGATCGGGGCGGGGCGAGC 
GATCGAACTGACCGCCCGCGGCCCGT 

-267 to -222 
-226 to -177 
-185 to -141 

  
-149 to -109 

  
  
  
  
  

-113 to -67 
  
  
  
  
  
  
  
  

-74 to -34 
-38 to +1 

  
N/A 
N/A 

1) SCPO, Survivin Core Promoter Oligonucleotides. 2) Oligonucleotides for Sp1 and Ap2 binding are the consensus DNA sequences 
for Sp1 and Ap2. 3) SCPO4m1, Ap2 mutant oligo; SCPO4m2, left side Sp1 site mutant oligo; SCPO4m3, right site Sp1 site mutant 
oligo; and SCPO4m4, mutant oligo in both Sp1 sites. 4) SCPO5m1, Ap2 mutant 1; SCPO5m2, Ap2 mutant 2; and SCPO5m3, Ap2 
mutant 3. Names in bold are critical mutations. 
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GGATCC GGT GTG GGC AGG GAC GA), P217 
(CGC GGATCC GGC GCG GCG TCG CT), P197 
(CGC GGATCC ACC GCG ACC ACG GG), P177 
(CGC GGATCC CAC GCG GCG GGA GGA CTA C), 
P162 (CGC GGATCC CTA CAA CTC CCG GCA 
CAC), and P147 (CGC GGATCC CAC CCC GCG 
CCG CCC CGC CT). The 3’-end PCR primer is 
hscyc-2 (CCC AAGCTT TGC CGC CGC CGC CAC 
CTC TG, the Hind III site is underlined). PCR am-
plification with primer pairs of P257/hscyc-2, 
P237/hscyc-2, P217/hscyc-2, P197/hscyc-2, 
P177/hscyc-2, P162/hscyc-2, P147/hscyc-2 
using the survivin 269 bp core promoter as a 
DNA template resulted in PCR products of 257 
bp, 237 bp, 217 bp, 197 bp, 177 bp, 162 bp 
and 147 bp sizes of the human survivin pro-
moter, respectively. After digestion with BamH I/
Hind III, these PCR DNA fragments were sub-
cloned into the pLuc vector at the BamH I/Hind 
III sites upstream of the luciferase reporter 
gene, respectively. These subclones were se-
quenced and designated as pLuc-257, pLuc-
237, pLuc-217, pLuc-197, pLuc-177, pLuc-162 
and pLuc-147, respectively. 
 
Oligonucleotide-directed mutagenesis of the 
Sp1 sites within the 197 bp survivin promoter-
luciferase construct 
 
Generation of mutations of SCPO4m3 and 
SCPO5m6, alone and in combination in the sur-
vivin promoter-luciferase construct, was carried 
in the pLuc-197 construct via PCR and molecu-
lar cloning. This manipulation resulted in three 
new survivin promoter-luciferase constructs 
(pLuc197-4m3, pLuc197-5m6 and pLuc197-
4m3/5m6) after molecular cloning of the mu-
tated PCR products into pLuc reporter vector. 
Generation of pLuc197-4m3 used the primers 
of 197Sp1m (CG GGATCC ACC GCG ACC ACG 
GGC AGA GCC ACG CGG CGG GAG GAC TAC AAC 
TCC CGG CAC ACC CCG CGC CGC Caa tCC TCT 
ACT CCC AG, the BamH I site underlined) and 
hscyc-2 (CCC AAGCTT TGC CGC CGC CGC CAC 
CTC TG, the Hind III site underlined) for PCR; 
generation of pLuc197-5m6 used the primers of 
P197 (CGC GGATCC ACC GCG ACC ACG GG, the 
BamH I site underlined), 100PO5m6 (GCC GCC 
GCC GCC ACC TCT GCC AAC GGG TCC CGC GAT 
TCA AAT CTG GCG GTT AAT GGC GCG CCG CGG 
GGC ATG TCG GGA GCt aAa tCC CTC TTA GGC 
GGT C) to get an intermediate PCR product, 
which was in turn used as a DNA template for 
PCR using P197 and hscyc-2 primers to get the 
final PCR product. Generation of pLuc197-

4m3/5m6 used the primers of 197Sp1m and 
hscyc-2 for PCR with pLuc197-5m6 as DNA tem-
plates. Mutated bases in the oligonucleotides 
above are shown in small letters. The resultant 
PCR products above were cloned into pLuc 
luciferase reporter vector at the BamH I and 
Hind III sites upstream of the luciferase reporter 
gene, respectively. The generated new survivin 
promoter-luciferase constructs with the defined 
mutations were confirmed by sequencing. 
 
Statistical analysis 
 
A t-test was performed for data comparison with 
corresponding controls shown in Figures 1 and 
11. The statistical probability value (p-value) of 
0.05 or less was considered to be significant. 
The p-value at different significance levels was 
expressed as p < 0.05 (*), p < 0.01 (**), and p 
< 0.001 (***). 
 
Results 
 
The 269 bp core survivin promoter mediates a 
major inhibitory effect of YM155 on survivin 
transcription control, which is a gene-selective 
event 
 
YM155 was discovered via high throughput 
screening of in-house chemical libraries using 
the survivin gene promoter-luciferase reporter 
system as a biomarker. The chemical structure 
is shown in Figure 1A. Previous studies indi-
cated that YM155 inhibits both survivin protein 
and mRNA expression at concentrations as low 
as 10 nM [18]. To determine the potential in-
hibitory effect of YM155 on survivin transcrip-
tion, we explored the effect of YM155 on sur-
vivin promoter activity at a low concentration 
(10 nM) and short time treatment (24 hours), at 
which there is no significant cell death. We 
found that YM155 at a 10 nM concentration 
effectively downregulates survivin promoter ac-
tivity (Figure 1B). The 269 bp survivin core pro-
moter region in the pLuc-269 construct showed 
a response as effective as those derived from 
the constructs with longer survivin promoter 
sequences (pLuc-6309, 2840 and 1430, Figure 
1B). This result suggests that the 269 bp sur-
vivin core promoter mediates major (if not all) 
inhibitory effects of YM155 on survivin gene 
transcriptional control. 
 
To determine whether downregulation of sur-
vivin promoter activity by YM155 is a survivin 
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gene-selective event, we employed four avail-
able luciferase constructs driven by promoters 
for the genes of dihydrofolate reductase (DHFR), 
human thrombin receptor (HTR), thymidine 
kinase (TK), and CDK inhibitor p21WAF1/CIP1 
(p21), to test YM155’s effect on their promoter 
activity. Transfection of these constructs, fol-
lowed by YM155 treatment and luciferase activ-
ity assays, revealed that YM155 only exerts 
minimal inhibitory effects on promoter activity of 
these genes (Figure 1C), suggesting YM155’s 
selectivity in nature (see discussion). Consistent 
with these observations, YM155 inhibited en-
dogenous survivin expression without showing 
inhibitory effects on the expression of endoge-
nous p21 and DHFR (Figure 1D). 

Inhibition of survivin pro-
moter activity by YM155 is 
not associated with a G1 cell 
cycle arrest 
 
It is known that survivin ex-
pression is very low at the G1 
phase, increases in the S 
phase, and comes to its high-
est expression at the G2/M 
phase of the cell cycle [36]. 
To determine the possibility 
that inhibition of survivin 
transcription by YM155 actu-
ally resulted from YM155-
mediated G1 arrest, we in-
vestigated cell cycle distribu-
tion after YM155 treatment. 
Surprisingly, FACS experi-
ments using PC-3 (less sensi-
tive to YM155, Figure 2A) and 
EKVX (more sensitive to 
YM155, Figure 2B) indicated 
that YM155 does not result in 
a G1 cell arrest (Table 2). 
Instead, treatment of cancer 
cells with YM155 over time 
increased sub-G1 portion 
(death cells) without G1 ar-
rest (Figure 2 and Table 2), 
suggesting that inhibition of 
survivin by YM155 was not 
due to a G1 cell arrest. Addi-
tional experiments from FACS 
analysis with other cell lines 
including 2008, Hop62, 
H1650, A549, H3255, MDA-
MB-231, LNCaP-LN3, PC-3m, 
and HCT116 showed similar 

results. Accordingly, transfection of cells with 
various cell cycle-dependent elements (CDE)-
mutated survivin promoter-luciferase con-
structs, followed by luciferase activity assays, 
showed that CDE motifs could not explain the 
major inhibitory effect of YM155 on survivin 
transcription, since after mutation of these mo-
tifs in the survivin promoter-luciferase con-
structs YM155 is still able to significantly inhibit 
survivin promoter activity (Figure 3). These ob-
servations indicated that inhibition of survivin 
gene transcription by YM155 is relatively a G1 
cell cycle arrest-independent event and that 
induction of cell death by YM155 appears to be 
associated with G2/M phase cell reduction, 
rather than with G1 cell cycle arrest. 

Figure 2. YM155 exerts minimal effects on cell cycle distribution: Subconflu-
ent PC-3 prostate (A) or EKVX lung (B) cancer cells were treated with or with-
out YM155 for 24 and 48 hours as shown. Cells were then harvested for 
flow cytometry (FACS) analysis as described in the Materials and Methods. 
Cell phases (sub-G1, G1, S, G2/M) were labeled on the first sub-panel im-
age, and the percentage of each cell phase distribution in each condition 
was provided in the Table 2. Similar results from 2008, Hop62, H1650, 
A549, H3255, MDA-MB-231, LNCaP-LN3, PC-3m, and HCT116 were ob-
tained (not shown).  
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YM155 significantly modulates DNA-protein 
interactions at the region from -185 to -67 in 
the survivin core promoter 
 
We showed that the 269 bp survivin core pro-
moter plays a major role in YM155-mediated 
inhibition of survivin promoter activity (Figure 1). 

However, YM155 did not signifi-
cantly affect cell cycle distributions 
(Figure 2 and Table 2) and muta-
tion of CDE motifs could not ex-
plain the major inhibitory effect of 
YM155 inhibition of survivin pro-
moter activity (Figure 3). To identify 
the DNA elements on which the 
DNA-protein interactions could be 
significantly modulated by YM155 
treatment, we systematically inves-
tigated using electrophoresis mo-
bility gel shift assays (EMSA) DNA-
protein interaction profiles of the 
survivin core promoter region (269 
bp) using seven contiguously over-
lapping oligonucleotide probes 
(termed SCPO-1, 2, 3, 4, 5, 6 and 
7) that cover the entire 269 bp 
region (Table 1). EMSA analysis 
revealed that YM155 significantly 
modulates DNA-protein interac-
tions with the probes of SCPO-4 
and 5 (Figure 4A and 4B - lanes 2 
versus 3, and 8 versus 9). Using 

consensus DNA oligonucleotides for Sp1 and 
Ap2 transcription factors as cold competitors, 
we demonstrated that while 50x non-specific/
scramble DNAs failed to compete the DNA-
protein complexes (not shown), 10x Sp1-
specific oligonucleotides strongly competed 
SCPO4-protein complexes (Figure 4B, lanes 2 
versus 6), and both 10x Sp1 and Ap2 oligonu-

Table 2. Cell cycle distribution after YM155 treatment. 
Cell lines Treatment Cell cycle distribution (%) 

Sub-G1 G1 S G2/M 
PC3 DMSO(0.1%),24hrs 1.09 29.95 14.91 54.42 

10nM YM155,24hrs 0.91 31.13 21.04 47.74 
20nM YM155,24hrs 1.54 31.99 18.09 48.66 

100nM YM155,24hrs 6.45 15.13 18.25 58.70 
DMSO(0.1%),48hrs 0.54 42.13 12.67 45.09 
5nM YM155,48hrs 0.85 43.35 13.38 42.64 

10nM YM155,48hrs 1.18 33.92 17.57 47.81 
20nM YM155,48hrs 4.02 18.53 19.40 57.38 

EKVX DMSO(0.1%),24hrs 1.47 60.23 7.09 31.22 
10nM YM155,24hrs 8.42 51.35 10.37 29.92 
20nM YM155,24hrs 7.73 49.61 10.42 32.19 

100nM YM155,24hrs 13.57 42.01 13.32 31.23 
DMSO(0.1%),48hrs 1. 34 61.60 9.15 27.90 
5nM YM155,48hrs 8.20 45.08 9.53 37.19 

10nM YM155,48hrs 25.63 37.81 12.85 23.87 
20nM YM155,48hrs 41.09 31.41 10.49 17.06 

 

Figure 3. The CDE motifs in the survivin core promoter do not play a 
major role in YM155-mediated inhibition of survivin promoter activity: 
Subconfluent EKVX cells were transfected with the wild type pLuc-
269 construct (control) or with pLuc-269 constructs containing vari-
ous mutations in CDE motifs for overnight. Cells were then treated 
with and with YM155 (10 nM) for 24 hours, followed by cell lysis and 
luciferase activity assays. The data derived from YM155-untreated 
cells in triplicate were divided by the data derived from YM155-
treated cells in triplicate as relative fold decrease. Each bar is the 
fold decrease from the mean data of comparable constructs in tripli-
cates shown in A and B. Variations from both YM155 treated and 
untreated assays before division were within 15%. 
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cleotides appear to compete against 
SCPO5-protein complexes (Figure 4B, 
lanes 8 versus 10 and 12). We further 
determined the Ap2/Sp1-irrelevant 
proteins in the SCPO4-protein com-
plex using EMSA experiments (Figure 
5). Our studies indicated that the un-
known protein could be a LyF-1 rele-
vant protein. Specifically, as shown in 
the Figure 5A, the LyF-1 DNA motif 
could be a candidate [41]. Our EMSA 
experiment using SCPO4R21 as a 
DNA probe indicated that while the 
murine LyF1 DNA motif appears to 
slightly inhibit the SCPO4R21 DNA-
protein complex, neither SCPO4L19 
and the consensus Sp1 DNA motif 
could inhibit the SCPO4R21 DNA-
protein complex (Figure 5B), suggest-
ing that the protein in the Ap2/Sp1-
irrelevant SCPO4-protein complex 
(shown in Figure 4B Lane 6) may be a 
LyF1-like protein. However, due to 
unavailability of the EMSA-qualified 
human LyF1 antibody, we were un-
able to further confirm it using EMSA 
gel supershift. 
 
The Sp1 transcription factor is a ma-
jor component in the DNA-protein 
complexes formed on SCPO4 and 
SCPO5 
 
To confirm the presence of Sp1 and 
Ap2 transcription factors in the DNA-

Figure 4. Both consensus Sp1 and Ap2 DNA-
binding oligonucleotides can compete the 
DNA-protein complexes formed on SCPO-4 (-
149 to -109) and SCPO-5 (-113 to -67) 
probes: A. Relevant Ap2-like and Sp1 DNA-
binding sites in SCPO-4 and SCPO-5 (bold) in 
the human survivin 269 bp core promoter 
are underlined. Of note, the AT rich area 
appears to be a weak Ap2 binding site. B. 
EMSA experiments were performed as de-
scribed in the Methods section. Nuclear ex-
tracts (NE) were isolated from EKVX cells 
treated with and without YM155, and mixed 
with 32P-labelled SCPO-4 or SCPO-5 probes 
in the presence and absence of consensus 
cold Sp1 or Ap2 binding motif oligonucleo-
tides as shown. DNA/protein complexes 
were separated on a 5% non-denatured 
PAGE gel and visualized by autoradiography.  

 

Figure 5. Characterization of the YM155-inhibited but Ap2/Sp1-
irrelevant protein: A Diagram of the Sp1 and LyF1 DNA-binding 
motifs in the 40 bp SCPO-4 DNA element. The corresponding DNA 
oligonucleotides (SCPO4L19 and SCPO4R21) synthesized for 
EMSA experiments and the synthesized murine LyF1 DNA-binding 
motif are shown. B EMSA results derived from using SCPO4R21 
(R21) as a probe in the presence and absence of various cold com-
petitors: SCPO4L19 (L19), SCPO4R21 (R21), murine LyF1 DNA 
element (LyF) and the consensus Sp1 DNA-binding motif (Sp1) are 
shown. 

 



YM155 suppresses survivin transcription  

 
 
188                                                                                                   Int J Biochem Mol Biol 2012:3(2):179-197 

protein complexes on SCPO-4 and 5 probes, 
EMSA supershift experiments with Sp1 and Ap2 
antibodies were performed. The results indi-
cated that the Sp1 antibody induces a strong 
supershift band in both SCPO-4 and 5 (Figure 6, 
lanes 3 and 7). However, to our surprise, while 
the Ap2 antibody could supershift a band with 
the consensus Ap2 oligo-protein complex 
(Figure 7A, lanes 6 and 10), Ap2 antibodies 
failed to result in a supershifted band with the 
DNA-protein complex from the SCPO-5 probe 
(Figure 7B, lanes 5, 6 and 7), even under fur-
ther optimized supershift conditions (Figure 7C, 
lanes 3 and 9), although Ap2 consensus oli-
gonucleotides could compete the band on SCPO
-5 (Figure 4B, lanes 8 versus 10). In contrast, 
experiments with the Sp1 antibody consistently 
showed supershift bands with SCPO-4 or SCPO-
5 in nuclear extracts isolated either from PC-3 
or EKVX cancer cell nuclear extracts (Figure 6, 
lanes 3 & 7; and Figure 7B, lanes 8, 9 & 11; 7C, 
lanes 5 & 11).  

Figure 6. EMSA supershift experiments indicate that 
Sp1 is a major component in the DNA-protein com-
plex in SCPO-4 and SCPO-5 in the absence of YM155: 
The presence and absence of relevant antibodies, 
nuclear extracts, and DNA probes used are indicated. 
Nuclear extracts were isolated from PC-3 cells with-
out YM155 treatment in order to observe the maxi-
mal DNA-protein interaction.  

Figure 7. The Ap2 antibody failed to supershift a band in the SCPO5-protein complex (B and C), while it supershifted a 
strong band for the consensus Ap2 probe-protein complex (A): EMSA procedures were described in the Methods. A. 
Positive controls for EMSA supershift experiments. B and C. Two different EMSA supershift experimental conditions 
for the SCPO-5 probe were used. Both conditions produced a strong supershift band by Sp1 antibodies, but not Ap2 
antibodies. p: PC-3 cell nuclear extracts; e: EKVX cell nuclear extracts; d: DMSO; a: Ap2 antibody; a/pe: Ap2 antibody 
with Ap2 inhibitory peptides; s: Sp1 antibody; Ab: antibody; nucl: nuclear; and IgG: normal IgG. D. YM155 does not 
directly bind to the SCPO-4 and SCPO-5 DNA elements. The probes, the presence and absence of YM155 in mM are 
indicated. YM155 interaction with SCPO-4 and SCPO-5 DNA were determined using 15% gel instead of 5% for DNA-
drug interaction. D: DMSO solution (control for YM155). 
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We previously demonstrated that modulation of 
survivin expression by hedamycin and 
hoechst33342 is associated with ligand directly 
binding to the involved DNA elements identified 
[38, 39]. To determine whether YM155 directly 
binds SCPO-4 and/or SCPO-5 DNA, we deter-
mined the direct interaction of YM155 with 
SCPO-4 and SCPO-5 using a high percentage gel 
shift assay established previously [38, 39]. Our 
results revealed that YM155 does not induce a 
gel shift for SCPO-4 or SCPO-5 DNA probes 
(Figure 7D), indicating that YM155 does not 

bind to these two DNA elements. 
 
To further determine which of the 
two overlapped Sp1 sites in SCPO-
4 and SCPO-5 (refer to Figure 4A) 
is involved in the DNA-protein inter-
action, we designed a series of 
mutant SCPO-4 and 5 oligonucleo-
tides on Sp1 (refer to Table 1). 
Application of these mutant oli-
gonucleotides as competitors in 
EMSA experiments revealed that in 
the SCPO-4 element, mutation of 
the right Sp1 site (Figure 8A, lanes 
11-14) resulted in the failure of 
effective competition of the DNA-
protein complexes, while mutation 
of the Ap2-like or Sp1 sites on the 
left side does not change its wild-
type nature (Figure 8A, lanes 7-
10). Thus, we identified SCPO4m3 
is a critical base mutation for con-
trol of DNA-Sp1 protein interaction 
(Table 1). Similarly, mutation of the 
Ap2-like site on the left site using 
three different ways (refer to Table 
1) in the SCPO-5 element showed 
that their competition ability is as 
effective as the wild-type SCPO-5 
oligonucleotides (Table 1 and Fig-
ure 8B, lanes 6-11). These results 
are consistent with the observation 
that Ap2 antibodies failed to super-
shift the DNA-protein complexes 
formed on SCPO-4 and/or SCPO-5 
(Figure 7B and 7C).  
 
Given that Ap2 showed inhibitory 
effects on survivin expression [42], 
we hypothesized that Ap2 might 
bind to the Ap2 binding sites in 
SCPO-4 and 5 only after YM155 

treatment. Therefore, we did similar competitive 
EMSA by using nuclear extracts isolated from 
YM155-treated cells. However, the results ob-
tained from these EMSA experiments did not 
support the above hypothesis, instead it is con-
sistent with the conclusion derived from the 
data shown in the Figure 8A and 8B. Specifi-
cally, SCPO-4 oligonucleotides with mutations in 
the Ap2-like site acted like a wild-type SCPO-4 
using nuclear extracts isolated either from EKVX 
or from PC-3 cells. Similarly, SCPO-5 oligonu-
cleotides with mutations in the Ap2-like site 
acted as wild-type SCPO-5 in YM155-treated 

Figure 8. Identification of critical bases in the SCPO4 DNA probe: Oli-
gonucleotides with bp mutations in SCPO-4 and 5 were used as cold 
competitors in EMSA experiments A. Comparison of the competition 
ability between wild-type (wt) SCPO-4 and its mutants (SCPO-4m1, m2, 
m3 and m4) in competitive EMSA using nuclear extracts isolated from 
PC-3 cells. B. Comparison of the competition ability between wt SCPO-
5 and its mutants (SCPO-5m1, m2 and m3) in competitive EMSA using 
nuclear extracts isolated from PC-3 cells. scra: scramble DNA; 4: 
SCPO4; 4m1: SCPO4m1; 4m2: SCPO4m2; 4m3: SCPO4m3; 4m4: 
SCPO4m1; 5: SCPO5; 5m1: SCPO5m1; 5m2: SCPO5m2; 5m3: 
SCPO5m3.  
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nuclear extracts isolated either from EKVX or 
from PC-3 cells (data not known). 
 
To further identify critical bases in the SCPO-5 
Sp1 site, additional mutations on SCPO-5 (m4 
to m7) were generated (Table 1). Using these 
mutated SCPO-5 as cold competitors for addi-
tional EMSA experiments, the resultant data 
were not very clear, but it appeared that the 
bases mutated in the SCPO5m6 weakened the 
ability to compete the SCPO5-protein complex 
either from YM155-treated (Figure 9A) or un-
treated (Figure 9B) nuclear extracts.  
 
YM155 treatment induces Sp1 subcellular re-
localization without affecting Sp-1 protein ex-
pression 
 
We demonstrated that Sp1 is the major tran-
scription activator in the DNA-protein complex 
formed on SCPO4 and SCPO5 (Figures 6 and 7), 
and that YM155 treatment abrogates the DNA-
protein interaction complex formed on SCPO4 
and SCPO5 (Figure 4B). To explore the underly-
ing molecular mechanism for this, we further 
determined whether YM155 treatment of can-
cer cells could inhibit Sp1 expression and/or 
induce the change of its subcellular localization. 
Our data revealed that while YM155 is unable 

to inhibit Sp1 protein expression (Figure 10A), 
YM155 treatment of cancer cells induces Sp1 
protein subcellular re-localization (Figure 10B). 
Thus, the observation provides a molecular 
mechanism by which YM155 inhibits survivin 
promoter transcription via dissociating Sp1 pro-
teins from its DNA binding sites and inducing 
Sp1 protein subcellular re-localization to avoid 
the survivin promoter-binding Sp1 accessing its 
survivin DNA binding sites. 
 
Functional analysis suggests a role for Sp1 and 
its binding sites in YM155-mediated inhibition 
of survivin transcription in the survivin core pro-
moter region 
 
To determine whether the SCPO-4 and SCPO-5 
functionally play a role in YM155-induced down-
regulation of survivin promoter activity, we gen-
erated truncated constructs in pLuc-269 and 
transfected the newly generated survivin-
promoter constructs into EKVX and PC-3 cells, 
followed by treatment with YM155 or DMSO 
(control) and luciferase activity assays. These 
experiments indicated that the proximal region 
(equivalent to SCPO-4 and SCPO-5) of the 269 
bp survivin promoter is an essential region for 
YM155-mediated inhibition of survivin promoter 
activity (Figure 11A), which is consistent with 

Figure 9. Identification of critical bases in the SCPO-5 DNA probe: EMSA experimental procedures were described in 
the Methods section. DNA probes, nuclear extracts, YM155-treated status and cold DNA oligonucleotide competitors 
are indicated. A. Using nuclear extracts isolated from YM155-treated PC-3 cells for EMSA competition experiment. B. 
Using nuclear extracts isolated from DMSO-treated PC-3 cells for EMSA competition experiment. Nucl: nuclear; d: 
DMSO; scramb: scramble DNA; 5m4: SCPO5m4; 5m5: SCPO5m5; 5m6: SCPO5m6; and 5m7: SCPO5m7. 
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the results derived from systematic EMSA ex-
periments (Figures 4-7). Furthermore, consis-
tent with a role for Sp1 in constitutive expres-
sion of survivin [35], forced expression of Sp1 
abrogated YM155-mediated inhibition of sur-
vivin promoter activity (Figure 11B). Accordingly, 
mutation of the two identified Sp1 sites in the 
survivin promoter-luciferase construct, either 
alone or in combination, significantly diminished 
survivin promoter activity (Figure 11C). How-
ever, YM155 treatment could further decrease 
the promoter activity in the Sp1-mutated sur-
vivin promoter-luciferase constructs (not shown, 
see discussion), suggesting additional sites may 
be involved. Nevertheless, in consideration of 
the fact that inhibition of survivin promoter ac-
tivity by YM155 is a survivin gene-selective 
event (Figure 1), the selective role of Sp1 on 
survivin gene transcription upon YM155 treat-
ment must involve additional transcription fac-
tors or co-factors to realize the survivin gene-
selective event involving Sp1, which will be of 
interest for future research.  

Discussion 
 
While it was recognized as one of the most im-
portant targets for cancer treatment, survivin is 
a multifunctional molecule with unique multi-
subcellular localizations. Its expression is in-
volved in both inhibition of apoptosis [36, 43] 
and regulation of mitotic cell division [44-47]. 
Follow up studies reveal new roles for survivin in 
the promotion of the G1/S transition [48] and 
the regulation of gene transcription [49], and 
possible involvement in cancer stem cell biology 
[50]. Previous studies showed that YM155 
downregulates survivin mRNA and protein ex-
pression [18]. It is possible that YM155-
mediated downregulation of survivin expression 
is a secondary effect. For example, YM155 may 
induce cancer cells into a G1 arrest status and 
accordingly, downregulate survivin expression. 
This is possible because it is known that sur-
vivin expression is very low in the G1 phase, its 
expression increases in the S phase, and comes 
to its highest expression in the G2/M phase 

Figure 10. Sp1 protein expression and subcellular localization with and without YM155 treatment: A. YM155 showed 
no inhibitory effects on Sp1 expression. Subconfluent EKVX lung cancer cells were treated with and without YM155 
as shown for 24 hours. Cells were then lysed and analyzed by western blots using Sp1 antibodies. Actin expression is 
the internal control. B. YM155 treatment induces a re-localization of Sp1 proteins in the subcellular structure of the 
cell. Sub-confluent EKVX cells grown on circular glass coverslips were treated with YM155 for 12 hours and then 
processed for immunofluorescence microscopy using DAPI and Sp1 double staining as described in the Methods 
section. Cell images were digitally captured under a Zeiss Axiovert 100 M Fluorescence Microscopy System. 
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[36]. To unravel the mechanism by which 
YM155 inhibits survivin expression, we investi-
gated whether YM155 inhibits survivin promoter
-driven luciferase activity and whether inhibition 
of survivin promoter-driven luciferase activity by 
YM155 is associated with cancer cell G1 arrest. 
The data from these experiments indicated that 
YM155 strongly inhibits survivin promoter activ-
ity and endogenous protein expression without 
association with cancer cell G1 phase arrests 
(Figures 1 and 2, Table 2). Furthermore, the 
CDE motifs in the survivin promoter seem only 
to play a minor role in YM155-mediated inhibi-
tion of survivin transcription (Figure 3). To-
gether, our data suggested that downregulation 
of survivin gene expression by YM155 was a cell 
cycle-independent event without G1 cell arrest. 
Furthermore, YM155-induced cancer cell death 
was also not associated with G1 cell cycle ar-
rest.  
 
To determine whether inhibition of survivin pro-
moter activity by YM155 is survivin gene-
selective, we employed four available human 
promoters for the genes of DHFR, p21, HTR, 
and TK to determine whether YM155 modulates 
any of these gene promoter-driven luciferase 
activities. Our results indicate that none of the 
promoter activity for these genes was signifi-
cantly modulated by YM155 (Figure 1C). Consis-
tently, the endogenous protein expression of 
p21 and DHFR was also not inhibited by YM155 
(Figure 1D). These observations suggest that 
inhibition of survivin promoter activity by YM155 
is a survivin gene-selective event but not due to 
cancer cell G1 arrest. Of note, although the se-
lection of these genes for the experiment is 
largely dependent on the availability, it should 
be pointed out that similar to the survivin gene 
promoter, the HTR gene promoter is known to 
lack a TATA box with a G/C rich sequence, and 
there are many Sp1 DNA-binding sites in its 
core promoter [51]. However, our result re-
vealed that YM155 showed a much weaker in-
hibitory effect on HTR promoter activity (Figure 
1C), as compared with its inhibitory effects on 
the survivin gene promoter (Figure 1B).  
 
Interestingly, our data showed that YM155-
mediated modulation of DNA-protein interac-
tions in the SCPO-4 and SCPO-5 DNA elements 
was largely attributed to the Sp1 transcription 
factor rather than Ap2 (Figures 4, 6 and 7). 
However, it is known that Sp1 is largely a ubiqui-
tous transcription factor involved in the constitu-

tive expression of many important survival 
genes with a G/C rich promoter. Therefore, the 
gene-selective regulation of survivin transcrip-
tion by Sp1 via the SCPO-4 and SCPO-5 region 
on the Sp1 sites must be implicated in other 
transcription factors or co-factors to the corre-
sponding survivin promoter after YM155 treat-
ment. Consistent with this speculation, our new 
data indicated that while YM155 is unable to 
inhibit Sp1 protein expression (Figure 10A), 
YM155 treatment redistributes Sp1 protein in 
the subcellular structure of the cell (Figure 
10B). The subcellular re-localization of Sp1 pro-
teins after YM155 treatment could therefore 
exclude survivin promoter-binding Sp1 proteins 
to interact with the survivin promoter. Of note, 
in addition to Sp1, other protein factors may 
also be involved. This notion comes from the 
observation that Sp1 antibody appears to super-
shift part of the specific bands formed on SCPO-
4 and SCPO-5 (Figures 6 and 7). However, 
YM155 treatment abrogated all the specific 
bands (Figure 4B). A typical example is that 
there is a band shown in the Figure 4B (Lane 6) 
that could not be competed by cold Sp1 consen-
sus oligonucleotides. To determine the identity 
of the unknown protein in this DNA-protein com-
plex band, we re-analyzed the 40-bp SCPO4 
sequence using a threshold of 85% instead of 
90%; we found that at this threshold setting, in 
addition to the Sp1 complex, there is a LyF1 
(Ikaros) binding site beside the Sp1 complex on 
the right half of the 40 bp SCPO4 element 
(Figure 5A). Using the SCPO4R21 as a probe in 
EMSA experiments, in the presence and ab-
sence of various cold DNA competitors 
(including SCPO4L19, SCPO4R21, murine LyF1 
and consensus Sp1 DNA oligonucleotides), we 
demonstrated that the gel shift band could be 
competed with cold SCPO4R21, but not 
SCPO4L19, suggesting its high specificity. More-
over, the band appears to be weakly competed 
by the murine LyF1 DNA oligonucleotides (Of 
note, there is no consensus human or mouse 
LyF1 DNA-binding element available in literature 
due to the lack of examples), but not by the con-
sensus Sp1 DNA-binding oligonucleotides, sug-
gesting that the unknown band could be the 
human LyF1 protein or a LyF1-like protein 
(Figure 5B). Nevertheless, these observations 
place room for further investigation of the 
mechanism for Sp1 involvement in YM155-
selected inhibition of survivin transcription.  
 
Additionally, we found that forced expression of 
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Sp1 neutralized YM155-mediated inhibition of 
survivin promoter activity (Figure 11B), and that 
mutation of the Sp1 sites diminished survivin 
promoter activity (Figure 11C). These findings 
strongly indicate that Sp1 plays a pivotal role in 
YM155-mediated inhibition of survivin promoter 
activity. These findings are consistent with previ-
ous studies from our and several other research 
groups, which showed that Sp1 plays an impor-
tant role in the constitutive expression of sur-
vivin [35, 38, 52-55]. However, while Sp1 is 
involved in survivin gene expression, under full 
growth conditions (Subconfluent cells with 10% 
FBS) used in this study, we failed to detect a 

significant increase in survivin promoter activity 
after Sp1 overexpression. This is consistent with 
our previous observation that the optimal condi-
tion for Sp1 to increase survivin promoter activ-
ity is to starve or growth arrest cells before over-
expression of Sp1 (unpublished observations). 
The potential reason is that the endogenous 
Sp1 protein may already be saturated for bind-
ing to its sites on the survivin core promoter 
region under full growth conditions with 10% 
serum. However, in this particular experiment, 
we did not apply this starvation approach be-
cause this would make cells more sensitive to 
YM155 treatment-induced cell death, which 

Figure 11. Functional analysis of the Sp1 sites in the SCPO4 and SCPO5 DNA element in YM155-mediated inhibition 
of survivin promoter activity: A. Luciferase activity assays suggest the most proximate area in the survivin promoter 
plays a critical role in mediation of YM155’s inhibitory effect on survivin gene activity. Subconfluent EKVX and PC-3 
cells were transfected overnight with the survivin core promoter-luciferase constructs with the indicated length as 
shown. Cells were then treated with YM155 or DMSO (control) for 24 hours, followed by the luciferase activity assay. 
B. Forced expression of Sp1 neutralized YM155-mediated inhibition of survivin promoter activity. Subconfluent PC-3 
cells were cotransfected with both pLuc-269 and the Sp1 expression vectors or control vectors overnight. Cells were 
then treated with YM155 or DMSO (control) for 24 hours as shown, followed by luciferase activity assay. C. Mutation 
of the identified Sp1 sites diminished survivin promoter activity. PC-3 cells were transfected with wild type (pLuc197) 
or Sp1 site-mutated pluc197 alone (4m3, 5m6), or in combination (4m3/5m6) as shown. The transfected cells were 
grown in complete cell cultural medium for 16 hours, followed by serum starvation treatment for 24 hours. Cells were 
then lysed for the luciferase activity assay. Data in A, B, and C were normalized with the internal Renilla luciferase 
activity (internal control). The resultant data are presented in histograms as arbitrary units. Each bar is the mean ± 
SD derived from three independent assays run in triplicate. 
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could make the results more difficult for inter-
pretation. Nevertheless, in the defined full cell 
growth condition, YM155’s inhibitory effects on 
survivin promoter activity was neutralized by 
forced expression of Sp1 (Figure 11B), indicat-
ing a role for Sp1 in YM155-mediated inhibition 
of survivin transcription. However, one question 
is whether mutations on the Sp1 binding sites 
could partially abolish YM155-mediated inhibi-
tion of the survivin promoter activity. We care-
fully determined the possibility and found that 
while mutation of the Sp1 sites alone or in com-
bination decreases survivin promoter activity 
(Figure 11C), the mutated survivin promoter-
luciferase constructs did not show significantly 
weaker ability in folds for the YM155-mediated 
downregulation of survivin promoter activity, 
although the promoter activity was much 
weaker overall. While this would need further 
studies to elucidate its mechanism, the data 
shown in Figure 10 revealed a potential novel 
mechanism for Sp1 being involved in YM155-
mediated inhibition of survivin promoter activity. 
As mentioned above, while YM155 treatment 
abrogates Sp1 protein binding on the Sp1 site 
in SCPO-4 (major) and in SCPO-5 (minor) 
(Figures 4-7), the Sp1 protein expression level 
was not affected by YM155 treatment (Figure 
10A). In contrast, YM155 treatment is able to re
-localize Sp1 proteins in the subcellular struc-
ture of the cells (Figure 10B), and thus, this may 
prevent the survivin promoter-binding Sp1 pro-
teins to access its DNA binding sites on the sur-
vivin core promoter region. Nevertheless, we 
found that there is an unknown DNA/protein 
band in the SCPO-4 (Figure 4B, lane 6). Further 
studies indicated that the protein in the un-
known DNA/protein complex appears to be LyF-
1 or LyF-1 like proteins (Figure 5). Therefore, it 
is possible that the Sp1 protein may interact 
with this protein and/or other proteins on the 
SCOP-4 element to exert the function of the con-
stitutive expression of survivin before YM155 
treatment. However, YM155 treatment resulted 
in the dissociation of Sp1 protein interaction 
with other proteins in the SCPO-4 element on 
the survivin promoter, which enables Sp1 pro-
tein release from its DNA binding site, and thus 
resulted in its re-localization to the subcellular 
structure of the cell, which results in YM155-
mediated inhibition of Sp1-controled survivin 
gene transcription. 
 
We previously showed that while Ap2 does not 
significantly downregulate human survivin pro-
moter activity in immortalized ‘normal’ cells, 

forced expression of Ap2 significantly inhibits 
survivin promoter activity in cancer cells [42]. 
Therefore, it is possible that the overlapped mu-
tual competition between Sp1 and Ap2 on the 
SCPO-4/5 elements plays a role for the constitu-
tive expression of survivin in cancer cells. In 
other words, in normal cells, the binding of Ap2 
at the SCPO-4/5 region may be a major event to 
inhibit the constitutive expression of survivin, 
while Sp1 is the major player to replace or over-
ride the role of Ap2 binding at the SCPO-4/5 
region. Therefore, such a major shift would re-
sult in the constitutive expression of survivin in 
cancer cells. However, although this hypothesis 
is intriguing, our experiments using cancer cell 
nuclear extracts could not prove the presence of 
Ap2 under various conditions (Figure 7), al-
though Ap2-like binding sites were revealed in 
the SCPO-4 and SCPO-5 DNA elements (Figure 
4A). Further studies would be required to un-
ravel its full molecular basis for this interesting 
hypothesis.  
 
In summary, we demonstrated in this study that 
inhibition of survivin promoter activity by YM155 
is a survivin promoter-selective event without 
the association of G1 cell cycle arrest. The 269 
bp survivin core promoter appears to play a ma-
jor role in the YM155’s effect on survivin inhibi-
tion. We further identified that YM155-mediated 
modulation of Sp1 protein binding in the region 
of SCPO-4/5 (-149 to -71) appears to be key 
mechanism underlying YM155-mediated inhibi-
tion of human survivin promoter activity in can-
cer cells. 
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