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Polymorphisms in the survivin promoter are associated
with age of onset of ovarian cancer
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Abstract: Survivin has been identified as an apoptosis inhibitor and a key regulator of mitosis. A common poly-
morphism (-31G>C) at the survivin promoter has been extensively studied in various cancers and reported to
influence survivin expression. We hypothesize that polymorphisms in the survivin promoter are associated with
clinical outcomes of patients with ovarian cancer. In this study, we genotyped all of five common and independent
(r2 < 0.25 for all LD) survivin promoter polymorphisms (-1547A/G [rs3764383], -644C/T [rs8073903], -625C/G
[rs8073069], -241C/T [rs17878467], and -31G/C [rs9904341]) in 168 patients with primary epithelial ovarian
cancer, using the polymerase chain reaction-restriction fragment length polymorphism method. We found that -
1547A/G and -31G/C were significantly associated with age of disease onset. Compared with patients with the -
1547GG genotype, the -1547AA genotype showed a significantly younger age of disease onset (58.8 years vs.
70.1 years; P = 0.001); the -31CC genotype had a decrease, though not significant, in the age of disease onset,
compared with patients with the -31GG genotype (57.1 years vs. 62.8 years; P = 0.058). The numbers of -1547A
and -31C alleles were associated with a decrease in age of onset in an allele-dose response manner (Ptrend =
0.001 and 0.026, respectively). However, no association was found between survivin polymorphisms and
patients’ prognosis, except for -625C/G SNP in 37 patients with a persistent disease. The findings suggest that
the promoter variants of survivin may have an effect on age of onset of ovarian cancer. Validation studies with
larger sample sizes are warranted.
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Introduction

Survivin (also known as BIRC5) is one of the
first reported inhibitors of apoptosis proteins
(IAPs), which is an important family of proteins
that regulate apoptosis [1, 2]. It is
developmentally regulated and expressed
during cell differentiation in both humans and
mice [3, 4]. Suvivin is usually expressed in em-
bryonic tissues and homozygous survivin dele-
tion results in early embryonic death, showing
its essential role in cell development, differen-
tiation, and homeostasis [3, 5]. Suvivin has
also been reported to be selectively expressed
in cancer cells but not in normal tissues [4].
The overexpression of survivin was found to be
associated with disease development, recur-
rence, and prognosis in various malignancies,
including cancers of the bladder, cervix, head

and neck, prostate, skin, and ovaries [6-19].
The underlying mechanisms of survivin expres-
sion have been explored in various ways.

The survivin gene is located on human chro-
mosome 17925. It has a TATA-less promoter
with a canonical CpG island, three cell-cycle
dependent elements (CDE), one cell cycle
homology region (CHR) [20], and numerous
Spl sites in the 5' flanking region in both
humans and mice [21, 22]. The deletion of
CDE and CHR in the survivin promoter region
leads to loss of cell-cycle dependent expres-
sion needed for the basal transcriptional
requirements of survivin expression [21, 22].
The results of several studies on the regulation
between the survivin expression and methyla-
tion status of the CpG islands in the promoter
have been conflicting [21, 23-25]. Genetic
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variation has been implicated in the alteration
of gene expression, especially the regulatory
polymorphisms located in promoter regions
[26, 27]. The genetic variant -31G/C in the
survivin promoter region has been identified to
be associated with overexpression of survivin
at both protein and mRNA levels in cancer
cells [26, 27]. This polymorphism has also
been studied for its effect on risk of gastric,
urothelial, colorectal, cervical, and lung
cancers [26, 28-32]. However, few studies
have investigated the effects of genetic
variants in the survivin promoter region on
clinical outcomes of cancers [26].

Survivin has been implicated in the regulation
of microtubule dynamics [22, 33-36]. The
functional study of survivin in the mitotic
phase has revealed changes in the duration of
prometaphase and metaphase stages and
formation of mitotic spindles in different
lengths according to the survivin status. In
addition, survivin showed to significantly
reduce pole-to-pole distance in metaphase
cells and to stabilize microtubules [34].
Survivin may influence microtubule dynamics
and microtubule stability via interactions with
microtubule-associated protein or motor
proteins participating in spindle dynamics [37,
38].

Taxanes, one of the standard chemothera-
peutic agents for the treatment of ovarian
cancer, block microtubule disassembly, to
which survivin is related [39]. Zaffaroni et al.
reported a direct link between survivin expres-
sion and sensitivity to taxol [40]. Athanassia-
dou et al. reported that the survivin levels were
associated with adverse clinical features in
ovarian cancer patients, implying a role of this
gene in ovarian cancer progression [41].

Therefore, in this study, we investigated asso-
ciations between potentially functional single
nucleotide polymorphisms (SNPs) of survivin
and clinical outcomes in 168 ovarian cancer
patients, who had chemotherapies including
taxanes. Because there are no reported com-
mon (minor allele frequency [MAF] = 5%) non-
synonymous SNPs in this gene, we genotyped
all of five common SNPs in the promoter
region of survivin, including -1547A/G
(rs3764383), -644C/T (rs8073903), -
625C/G (rs8073069), -241C/T
(rs17878467), and -31G/C (rs9904341) and
evaluated their associations with clinical out-
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comes of patients with primary epithelial
ovarian cancer.

Material and methods
Study subjects

This study included 168 patients registered at
The University of Texas M. D. Anderson Cancer
Center from 2000 to 2007. Patients had been
staged according to the International
Federation of Gynecology and Obstetrics
(FIGO) surgical staging system, and their pri-
mary epithelial ovarian cancer was histopa-
thologically confirmed. After the surgery,
patients had been treated with chemotherapy,
a combination of platinum (carboplatin, cispla-
tin) and taxanes (taxol, docetaxel). Patients
who had a previous cancer history or multiple
primary neoplasms at the time of diagnosis
were excluded from this study. The Gyneco-
logic Cancer Tumor Bank at M. D. Anderson
Cancer Center provided peripheral blood sam-
ples of these patients. The institutional review
board approved this study, and guidelines for
the protection of human subjects were
followed.

Data collection

We collected demographic and clinico-
pathologic data on patients from medical
records. Demographic characteristics included
age at diagnosis and race/ethnicity, and
clinicopathologic  characteristics  included
tumor stage, cell type and grade, optimality of
the primary debulking operation, chemo-
therapy regimen, number of chemotherapies,
disease recurrence, and response of tumors to
chemotherapy. Optimal debulking or cyto-
reductive surgery is defined as the largest
residual tumor nodule measuring 1 cm or less,
according to Gynecologic Oncology Group [42].
The response evaluation criteria in solid
tumors (RECIST) [20] were used to define the
response of tumors to treatment.

Overall survival (0OS) and progression-free
survival (PFS) were calculated as the date of
disease diagnosis to the date of death or last
contact or the date of recurrence or progres-
sion, respectively. Disease recurrence was
defined as the reappearance of any lesion that
had previously disappeared or the appearance
of a new lesion that was histopathologically
confirmed by a biopsy. Information about the
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Table 1. Conditions for polymerase chain reaction-restriction fragment length polymorphism
analysis of the survivin promoter

. Annealing PCR Digested
Position and . PCR
Primers Temperature products Enzyme
base change o products
(°C) (bp) o
(bp)
;rlsg%/ﬁ%) FP 5'-GCCCGATGCATTTAAATAAAAGA-3' 52 118 Hincll  AA: 118
AG: 118/96/22
RP 5’-GCAGAGAGTGAATGTTAAAGTTAA-3’ GG: 96/22
-644C/T , , .
FP 5-AGGTCGTGCAGTCAACGATGT-3 52 89 Styl TT: 89
(rs8073903) " or89/66/23
RP 5’-CAGACGGGCATGAAGGACCCATG-3’ CC: 66/23
-625C/G , , CC: 125
(rs8073069) FP 5’-TGTTCATTTGTCCTTCATGCGC-3 61 125 BstUI ey
125/104/21
RP 5-CCAGCCTAGGCAACAAGAGCAA-3’ GG: 104/21
-241C/T , , TT: 128
(rs17878 467)FP 5-GATTACAGGCGTGAGCCACT-3 61 128 Haell CT:
) , 128/104/24
RP 5’-GTGTGCCGGGAGTTGTAGTC-3 CC: 104/24
-31G/C , , CC: 329
(rs9904341) FP 5-CGTTCTTTGAAAGCAGTCGAG-3 66 329 Eco0109I oG-
, i 329/234/92
RP 5’-TGTAGAGATGCGGTGGTCCT-3 GG: 234/92

bp=base pair; FP=forward primer; RP=reverse primer.
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Figure 1. Survivin gene structure, locations of the five SNPs and the genotype patterns.
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Table 2. Patient demographic and
clinicopathologic characteristics

Characteristic No. of patients
Age at Diagnosis (years) 168
<50 26
50 - 70 107
>70 35
Race/Ethnicity 168
Non-Hispanic White 136
Black 9
Hispanic 15
Asian 6
Other 2
Surgical stage @ 167
I 7
Il 7
I 127
v 26
Tumor Gradea 165
1 6
3 159
Histology 168
Serous 137
Mucinous 3
Endometrioid 2
Clear cell 1
Brenner 3
Mixed 22

Optimality of primary operation @ 148

No 42
Yes 106
Peritoneal cytology @ 134
Negative 16
Positive 118

a Missing patient information: 1 for surgical stage;
3 for tumor grade; 20 for optimality of primary
operation; 34 for peritoneal cytology.

date of last contact and status of the patient
at last contact was obtained from the M. D.
Anderson Tumor Registry and Social Security
Death Index, when this information was
missing from the medical records.

SNP selection and genotyping

All five reported common SNPs in the survivin
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promoter region were selected from the
National Center for Biotechnology Information
SNP database (http://www.ncbi.nim.nih.gov/
snp): -1547A/G (rs3764383), -644C/T
(rs8073903), -625C/G (rs8073069), -
241C/T (rs17878467), and -31G/C
(rs9904341). Genomic DNA was extracted
from all samples using the classic method with
phenol and chloroform. Genotyping analyses
were performed using the polymerase chain
reaction-restriction fragment length polymor-
phism (PCR-RFLP).

The PCR conditions consisted of an initial
melting step of 95°C for 5 min, followed by 35
cycles of denaturation (95 °C for 30 s),
annealing (52°C - 66 °C for 45 s, according to
SNPs), and extension (72 °C for 1 min), and a
final extension step of 72 °C for 10 min.
Detailed information on primers, restriction
enzymes, and the PCR product sizes are sum-
marized in Table 1. The digested products
were checked on a 3% MetaPhor agarose gel
containing ethidium bromide. The gene struc-
ture, locations of the five SNPs and the geno-
type patterns were shown in Figure 1. Two
people checked the patterns of the digested
products, and any uncertain genotyping results
were repeated for quality control, and the
concordance was 100%.

Statistical analysis

Statistical analysis was performed using the
Chi-square test and analysis of variance
(ANOVA) analysis for categorical and the for
continuous variables. The Proc Allele
procedure in the SAS/Genetics program (SAS
Institute Inc., Cary, NC, USA) was used to
calculate linkage disequilibrium (LD). The
Kaplan-Meier method and the log-rank test
were used to estimate OS and PFS. The Cox
proportional hazards regression model was
used to analyze individual prognostic factors.
All statistical tests were two-sided, a P value of
0.05 was considered statistically significant,
and all analyses were performed using the
Statistical Analysis System/Genetics software
(SAS version 9.13; SAS Institute Inc.).

Results
Demographic and clinical characteristics
Demographic and clinicopathologic characte-

ristics of the 168 patients included in this
study are summarized in Table 2. Nearly 85%
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Figure 2. Comparison of age of onset of ovarian cancer by survivin promoter genotypes: (A) 1547A/G, (B) -
31G/C, and (C) their combination.

of the patients were older than 50 years, with patients. One-hundred-thirty-six patients
a mean age of 60.8 + 10.8 years for all (80.9%) were non-Hispanic white, nine (5.4%)
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Table 3. Genotype frequencies and age of disease onset stratified by survivin genotypes

Genotype

No. of patients (%)

Age at diagnosis P value?
(years, mean +SD)

-1547A/G (rs3764383)

AA 86 (51.2)
AG 69 (41.1)
GG 13 (7.7)
G allele frequency 0.283
-644C/T (rs8073903)

T 120 (71.4)
CT 37 (22.0)
cc 11 (6.6)
C allele frequency 0.176

-625C/G (rs8073069)

GG 91 (54.2)
CG 30 (17.8)
cc 47 (28.0)
C allele frequency 0.369
-241C/T (rs17878467)

cc 106 (63.1)
CT 48 (28.6)
T 14 (8.3)
T allele frequency 0.226
-31G/C (rs9904341)c

GG 61 (36.5)
CG 78 (46.7)
cc 28 (16.8)
C allele frequency 0.399

58.8+11.2 Ref.
61.4+£9.8
70.1+5.5 0.001

Ptrena = 0.001b

61.0 + 10.8 Ref.
60.0 + 10.6

60.5+11.3 0.90
Ptrena = 0.68P

60.9+11.2 Ref.
59.1+10.8

61.4 +£9.7 0.63

Prrend = 0.61P

615+11.1 Ref.
59.5 +10.2

58.8+9.7 0.43
Ptrena = 0.13P

62.8+10.5 Ref.
60.3+9.8

57.1+12.8 0.058

Ptrena = 0.026b

aOne-way ANOVA (Analysis of variance) for age differences among 3 genotypes for each SNP. b p values for
the trend tests of age at diagnosis among the 3 genotypes for each SNP from a general linear model adjusted
for race. ¢ One sample was missing genotype information for -31G/C.

Black, 15 (8.9%) Hispanic, six (3.6%) Asian,
and two (1.2%) were others. One-hundred-fifty-
one patients (91.6%) had an advanced
disease with 127 patients (76.0%) diagnosed
at stage Ill and 26 patients (15.6%) diagnosed
at stage IV. Most of the patients had high
grade (159, 96.4%) and serous cell type (137,
81.5%), and 106 patients (71.6%) had
received an optimal debulking operation as
primary surgery.

Correlation of survivin genotype with age of
onset of ovarian cancer
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The genotype distributions of the five SNPs
among these patients are listed in Table 3.
Since we have 80.9% patients were non-
Hispanic white and few cases in other minority
groups, and we didn’t find the difference of the
effects of genotypes on age onset and survival
among the whites and other groups; therefore,
we combine all of the samples together for the
following presentation. The allele frequencies
were similar to those reported in the National
Center for Biotechnology Information database
(Table 3). The LD tests further confirmed that
these five SNPs were not in LD, with a range of
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Figure 3. Progression-free survival was affected by the survivin promoter SNP -625C/G (rs8073069).

r2 between 0 - 0.25, suggesting that these
SNPs were indeed independent in this study
population. When we stratified the age of
disease onset by these genotypes, we found
that patients with the -1547AA genotype
(rs3764383) showed a significantly younger
age of disease onset, compared with patients
with the -1547GG genotype (58.8 + 11.2 years
vs. 70.1 £ 5.5 years; P = 0.001) (Table 3), and
there was an A allele dose-response between
age of onset and -1547A/G genotypes (trend
test: P = 0.001) (Figure 2A). We also found
that patients with the -31CC genotype
(rs9904341) showed a decrease, though not
significant, in the age of disease onset, com-
pared with patients with the -31GG genotype
(57.1 + 12.8 years vs. 62.8 + 10.5 years; P =
0.058) (Table 3); furthormore, the trend for
the number of the C allele in the genotypes
(i.e., the -31GG, -31GC, and -31CC genotypes)
was statistically significant (P = 0.026) (Figure
2B). When we analyzed data for patients with
a combination of these two SNPs (-1547A/G +
-31G/C), we found that 26 patients with both
the -1547AA and -31CC genotypes had the
youngest age of onset of ovarian cancer (57.0
+ 13.0 years), and there was a trend of an
increase in age of disease onset as the
number of these (i.e., A and C) alleles
decreased in the combined genotypes (Ptrend =
0.003) (Figure 2C). Whereas, these trends in
age of onset of ovarian cancer were not
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observed for the other three SNPs (-241C/T, -
625C/G, and -644C/T) (Table 3).

Effects of survivin polymorphisms on OS and
PFS

We further investigated the effects of Survivin
polymorphisms on the treatment response of
patients. We analyzed OS and PFS for patients
who were treated with the anti-mitotic chemo-
therapeutic agents, taxanes, in combination
with platinum. In this study population, 133
patients received the taxanes/platinum com-
bination regime as adjuvant therapy after their
surgery, and 132 patients were available for
evaluation of the drug responsiveness. Among
them, 37 patients (37/132, 28.0%) had per-
sistent disease (resistant to taxanes treat-
ment) and 95 patients (95/132, 72.0%)
responded to the treatment. The patients with
a persistent disease had shorter OS and PFS
compared with the treatment-responsive
group. It was consistent with what we expected
on the basis of common notion, suggesting
that the study population, although relatively
small in size, may be representative of the
overall ovarian cancer patient population. We
did not find the correlation between OS or PFS
and number of cycle, regimen, and dosage
(data not shown). However, when we stratified
OS and PFS by the genotypes of the five SNPs,
we found that the -625C/G SNP showed a
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difference in the median PFS, as measured in
37 patients with a persistent disease (GG: 4.7
months, CG: 1.4 months, and CC: 4.1 months;
P = 0.035; Figure 3).

Discussion

Among the five common polymorphisms in the
survivin promoter region, -31G/C (rs9904341)
has been the most extensively studied,
because it is located at the CDE/CHR
repressor elements and thus may be func-
tional. It has been shown that this SNP was
associated with increased survivin expression
at both the mRNA and protein levels, as well
as an aberrant cell cycle-dependent
transcription [27]. In our study, we found that
the variant -31C allele was associated with the
early age of onset of ovarian cancer in an
allele-dose response manner, which further
suggested a role of genetic variation in the
survivin promoter in the etiology of ovarian
cancer. We also found that another promoter
SNP -1547A/G was associated with age of
onset of ovarian cancer. However, the func-
tional significance of this SNP remains unclear
and needs to be investigated in future studies.

Several studies have reported that genetic
variants may be correlated with the age of
disease onset in patients with brain, prostate,
gastric, breast, and ovarian cancers [43-51].
To our knowledge, our study is the first to find
that survivin promoter polymorphisms may be
associated with the age of onset of ovarian
cancers. These findings suggest that genetic
variations in the survivin promoter may play an
important role in the pathophysiological
changes of the ovaries.

When we analyzed OS and PFS for patients
who were treated with platinum and taxanes
combination chemotherapies and investigated
the effects of survivin polymorphisms on the
treatment response, only the -625C/G SNP
showed a difference in the median PFS. The
patients with -625C allele showed a relatively
poor survival as measured in 37 patients with
a persistent disease. Even though the number
of patients available for the analysis is low, it
may imply a relation of this SNP with the
treatment response and prognosis. In an
Korean study on survivin polymorphisms and
risk of lung cancer, it was found that -625G
allele contributed to the decreased risk of lung
cancer in the haplotype analysis [29]. A
Chinese research group reported that the -
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625CC genotype was associated with signifi-
cantly increased risk of esophageal squamous
cell carcinoma and that the -625C allele was
found to contributue to the high risk haplotype
and enhance the survivin expression in
esophageal cancer patients [52, 53]. There
are no reports on similar studies on ovarian
cancer; however, our finding on this SNP was
considered preliminary, and further larger
studies are needed to validate the significance
of this SNP and its interaction with treatment.

Several studies reported that wild-type p53
represses anti-apoptotic survivin expression at
both protein and mMRNA levels [54-56].
Recently, it was reported that esophageal
tumors with p53 gene mutations showed
higher levels of mRNA expression of survivin
than tumors with the wildtype p53 [52].
Therefore, interactions of genetic variants in
survivin with other genetic variants, such as
those in the p53 gene, should be investigated
as well.

In conclusion, this pilot study provides evi-
dence of an association between SNPs in the
survivin promoter and age of onset of ovarian
cancer. However, rigorous studies with larger
sample sizes and studies of biological func-
tions of these SNPs are needed to validate the
role of survivin promoter SNPs in the develop-
ment of ovarian cancer and their associations
with clinicopathologic factors, especially age of
disease onset of cancers.
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