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Abstract

Background: Because survivin has a significant role as an inhibitor in breast cancer (BC) advancement and development and its pro-
ductivity and interactions may well be under the effects of polymorphisms in the gene promoter we investigated a common polymor-
phism (-31G/C) that has been reported to be influential on the survivin expression in different forms of cancer. But the observations did
not show any correlation between this SNP (single nucleotide polymorphism) and breast cancer disease at least in our study population
(east Azerbaijan, Iran). The (-31G/C polymorphism is the cause of over expression of survivin once it de-represses the cell cycle-dependent
transcription of survivin gene.
Objectives: In this paper, the aim has been to study the role of -31G/C in breast cancer in the hospitals of the province of east Azerbaijan,
Iran.
Patients and Methods: In this case-control study, 5 mL of peripheral blood samples of 82 healthy subjects and 94 breast cancer patients
with pathologically confirmed were gathered. We analyzed -31G/C single nucleotide polymorphisms of survivin promoter with using
of polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and gene sequencing. The required samples were
acquired from two of the general hospitals in Tabriz.
Results: Statistical analysis revealed that genotype frequencies and allele distribution of the survivin promoter -31G/C for both controls
and cases were similar. There has been no statistically noteworthy association between breast cancer and the variant genotypes (CC and
CG).
Conclusions: Seemingly, there has been no statistically association between -31G/C polymorphism with BC and clinicopathological
characteristics in the population being investigated in this paper.
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1. Background

Breast cancer (BC) has been reported to be the most
common fatality and the second cause of death by can-
cer among women in the world. Thanks to the timely de-
tection and effective treatment, the death rate is on the
decline. Nonetheless, metastasis still poses as an alarm-
ing factor leading to the failure of therapies and patients’
death [1].

Apoptosis is a key factor in homeostasis of organs and
cells. Thus, defects in the regulation of apoptosis can lead
to many human disorders such as cancers. Programmed
cell death or apoptosis is carried out through a cascade
of enzymes known as caspases. IAPs (inhibitors of apop-
tosis proteins) that prohibit caspases, including initiator
and effector caspases (caspase 9, caspase 2 and caspase 3)

are a family of anti-apoptotic proteins. So far, eight hu-
man IAP family members with one to three baculovirus IAP
repeat domains and a C-terminal RING or CARD (Caspase
activation recruitment domain) domain have been recog-
nized [2]. Survivin or BIRC5 (baculoviral inhibitor of apop-
tosis repeat-containing 5) is a member of IAP family which
in is encoded as the BIRC5 gene in humans. Survivin is pos-
sibly the most unique member if IAP in terms of structure
and has only a single BIR domain which is crucial because
of its anti-apoptotic behavior. Proteins being encoded by
this gene lack a c-terminus RING finger or CARD domain [3,
4]. The gene coding for survivin is fundamental on human
chromosome 17q25, and consists 142 amino acids [3]. It has
a canonical CpG island in the promoter region and numer-
ous Sp1 sites in the 5’flanking region and lacking a TATA box
motif [5].
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Survivin gene is usually expressed in embryonic tissues
and is up regulated in many human cancers including
breast cancer, thus playing a critical role in carcinogene-
sis [3]. Null mutations of survivin leads to early embry-
onic death, showing its key role in cell development, dif-
ferentiation and homeostasis [5]. It is therefore crucial for
cancer cell survival due to its significant role in regulation
of both apoptosis and mitosis processes [1, 5]. As a result,
survivin becomes a target for cancer therapy for its influ-
ence in the process mentioned above. northwest of Iran
is comparably a highly potential region for BC incidences.
Recent investigations indicate that promoter elements in-
cluding CDE/CHR regulate the expression of survivin dur-
ing G2/M phase of mitosis. The -31G/C SNP is placed in-
side the CDE/CHR repressor binding site. Provided that this
motif is functionally disrupted, cell cycle- dependent tran-
scription of survivin will be altered [3, 5-8]. Alterations in
gene expression are mainly due to genetic variations, espe-
cially the regulatory polymorphisms located in promoter
regions. In cancer cells overexpression of survivin at both
protein and mRNA levels is linked to genetic variant -31G/C
in the survivin promoter. Lots of studies have been focused
on this polymorphism and its role on risk of gastric urothe-
lial, colorectal, cervical and lung cancers. However the role
of genetic variants in the survivin promoter region on clin-
ical results has been reported by few of researchers [5].

2. Objectives

This paper aims at investigation of the link between -
31G/C SNP and BC in an Iranian population of east Azerbai-
jan.

3. Patients and Methods

In this case-control study, 176 individuals (94 breast
cancer cases and 82 healthy controls, that all of them
were women) were investigated and the samples were ob-
tained from Imam Reza and Nour-Nejat hospitals in Tabriz
(Iran) and informed consent was obtained. In a period of
two years from 2008 to 2010 clinicopathological data of
patients, without prior treatment, from medical records
were obtained. The first and second level family members
and relatives were check for the presence of the disease in
the history of the family. Blood samples were obtained in
EDTA (Ethylenediaminetetraacetic acid) from each individ-
ual and were preserved frozen until the extraction of DNA.
Genomic DNA was extracted from peripheral blood sam-
ples using proteinase K digestion and phenol/chloroform
method.

3.1. Polymorphism Genotyping

To identify genetic variants in the survivin gene pro-
moter for screening of -31G/C polymorphism, a 329 bp
region of promoter was sequenced. The survivin -31G/C
polymorphism was then analyzed by polymerase chain
reaction- restriction fragment containing the -31 polymor-
phic site was amplified using two primers; the forward
primer 5’-CGTTCTTTGAAAGCAGTCGAG-3’ and the reverse
primer: 5’-AGGACCACCGCATCTCTACA-3’ (Table 1) [9].

Each PCR reaction was performed in total reaction vol-
ume of 25 µL containing 2 µL 10x PCR buffer, 0.8 µL Mgcl2,
0.2 µL dNTP, 1 µL of each primer, 50 ng genomic DNA and
0.18 µL Tag DNA polymerase.

3.2. The Conditions of Polymerase Chain Reaction (PCR)

initial denaturation step at 95°C for 2 minutes, fol-
lowed by 32 cycles of 95°C for 20 seconds as the second
melting step, 58°C for10 seconds for primer annealing and
extension at 72°C for 20 seconds and a final extension step
of 72°C for 3 minutes. Ten microliters of the PCR prod-
ucts were digested with 5 UMSPI and 2 µL NEBuffer4 (New
England biolabs) at 37°C over night. The digested prod-
ucts were separated on a 10% acrylamid gel for 2 hours
and stained with silver nitrate. Eleven individuals were
checked by the patterns of the digested PCR products and
about 8% randomly were rechecked for quality control and
the concordance was 100%.

The final collected data were scrutinized by SPSS-15 soft-
ware through the Pearsonχ2 and ANOVA tests. The link be-
tween -31G/C polymorphism of survivin and risk of breast
cancer was predicted by odd ratios and 95% confidence in-
tervals. The homozygous genotype GG in the control group
for the common allele formed the reference group. The
compared groups indicated a probability of 7% which is
quite significant.

4. Results

Results of this study (Table 2) demonstrate the survivin
genotype and allele frequency distribution among the 94
BC patients and 82 healthy controls are demos. The preva-
lence of C/G, G/G genotypes was significantly greater in two
groups than C/C genotype.

Genotypes were considered as follows: two fragments
of 214 and 115 bp for the GG genotype, three fragments of
120, 115 and 94 bp for CC genotype, and four fragments of
214, 120, 115 and 94 bp for the CG genotype (Figures 1 and 2).

The results of analysis for association between risk of
BC and the survivin -31G/C SNP are summarized in Tables 3
and 4.
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Table 1. Conditions for Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) Analysis of the Survivin Promoter

Position of SNP Primers Annealing Temperature PCR Product, bp Enzyme Digested PCR Products

-31G/C 58°C 329 MSPI GG: 214, 115

F 5’CGTTCTTTGAAAGCAGTCGAG3’ GC: 214, 120, 115, 94

R 5’TGTAGAGATGCGGTGGTCCT3’ CC: 120, 115, 94

Table 2. Genotype and Allele Distribution of the -31 Survivin Promoter for Both Controls and Cases

Groups 95% CI (Genotype as a Grouping Variable) P Value

Cases Controls P Value

Genotypesa 0.84 0.31

CC 3 (3.2) 0.42 (-2.48 - 3.30)

CG 44 (46.8) 0.28 (0.16 - 0.41)

GG 47 (50) 0.43 (0.28 - 0.57)

Alleles [OR (95% CI)] NA 0.86

C 45 [0.27(0.21 - 0.34)] NA

G 119 [0.72(0.65 - 0.78)] NA

Abbreviation: Na, not available.
aValues are expressed as No. (%).

Table 3. Association of Selected Characteristics From BC Patients With BIRC5 -31G/C Polymorphism

Stage (95% CI) P Value

1 2 3

Size, cm 3.05 (-2.25 - 8.35) 2.87 (1.29 - 4.45) 4.3 (2.76 - 5.83) 0.21

Age, ya 42 (35.08 - 48.92) 46.11 (40.32 - 51.89) 48.21 (45.36 - 51.06) 0.20

Sidea 0.98

Left 4 (12.1) 8 (24.2) 21 (63.6)

Right 5 (11.9) 11 (26.2) 26 (61.9)

Nodal involvement 0.03

aValues are expressed as No. (%).

No discrepancy related to age between patients and
controls has been identified. The ages of individuals
ranged from 21 to 72 years. Approximately 95% of the pa-
tients were older than 30 years (Table 5). Similarly, no as-
sociation was observed stratified by the left or right side
status of breast. Nonetheless, an association was found be-
tween tumor stage (2 and 3) and lymph nod metastasis (P <
0.01). Seventeen percent of patients did not reveal nodal in-
volvement. The target population in this paper did not re-
veal a significant association between genotypes and clini-
copathological features of BC.

Applying RFLP, we determined the nucleotide variants
at the polymorphic site of survivin gene promoter. No dif-

ferential distribution was observed between patients with
BC and controls. Concerning the tumor features, no impor-
tant association was found between -31G/C polymorphism
and tumor size (Table 6), stage, side, pathology and age pat-
tern as well. The frequency of -31G/C polymorphism within
the survivin promoter was not significantly different be-
tween BC samples and healthy individuals.

5. Discussion

In the present study, the association between survivin
-31 genotypes and breast cancer was investigated. No dis-
crepancy in distribution of these genotypes between the
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Table 4. Association of the Survivin Genotypes With the Tumor Stage and Side of the Breast Involvement

Genotype Frequencya Side Frequency, % P Value 95% CI

CC CG GG

Side effect 0.97

Left 1 (2.5) 19 (47.5) 20 (50) 44.4 Na

Right 2 (4) 24 (48) 24 (48) 55.6 Na

Stage 0.73

1 0 (0) 6 (17.6) 3 (7.9) 12 Na

2 2 (66.7) 6 (17.6) 11 (28.9) 25.3 0.11 (0.05-0.17)

3 1 (33.3) 22 (64.7) 24 (63.2) 62.7 0.55 (0.44-0.67)

Abbreviation: Na, not available.
aValues are expressed as No. (%).

Table 5. Association of the Survivin Genotypes With the Age of Patientsa , b

Genotype Age, y

< 30 31 - 40 40 - 50 50 - 60 > 60

GG 2 (4.5) 8 (18.2) 16 (36.4) 11 (25.0) 7 (15.9)

CG 0 (0) 15 (35.7) 15 (35.7) 8 (19.0) 4 (9.5)

CC 0 (0) 0 (0) 2 (66.7) 1 (33.3) 0 (0)

aValues are expressed as No. (%).
bP Value = 0.46, 95% CI. We used 176 subjects, but not all data were collected.

Table 6. Association of Genotypes With Tumor Size

Tumor Size, cm Genotype Frequencya Size Frequencya P Value

CC CG GG

≤ 3 0 53.3 66.7 57.1 0.79

4.5 100 33.3 16.7 28.6 0.79

> 5 0 13.3 16.7 14.3 0.79

aValues’ unit is %.

studied populations was identified. However, we observed
an association between the stage 2 and 3 of tumor with
nodal involvement in our study population. Similar stud-
ies by Xu et al. [10] indicated that the -31 polymorphism
in the promoter of survivin was not involved in the pro-
cess of development of cervical cancer in Hungary. Con-
troversially, Jang et al. [2] reported an association between
this polymorphism and lung cancer risk [11]. Also Borbely
et al. [12] demonstrated that -31G/C SNP up-regularized the
survivin expression at protein levels as well as mRNA lev-
els [11]. Wagner et al. reported that -31G/C is a functional
polymorphism in survivin promoter region [9]. Our re-
sult somehow is in line with the result of Yang et al. study

[6] which showed that the survivin -31G/C genotype distri-
bution in esophageal squamous cell cancer patients and
healthy controls was not statistically significant. In an-
other research the risk of esophageal squamous cell car-
cinoma, has been reported to be associated with polymor-
phisms of survivin promoter [2].

There are five common polymorphisms in the sur-
vivin promoter region, in which -31G/C (rs9904341) is most
widely studied, because its location is at the CDE/CHR re-
pressor elements so it could be functional. It has been
demonstrated by researchers that this SNP is linked with
increased expression of survivin gene and aberrant cell
cycle-dependent transcription [5]. There are no reports on
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Figure 1. The Restriction Fragment Length Polymorphism (RFLP) Products on 10%
Acrylamide Gel and Genotype Patterns From Three Cases

Lane 1 shows four fragments of 214, 120, 115 and 94 bp for the CG genotype; Lane 2 is
PCR product (329 bp); Lane 3 is 50 bp ladder; Lane 4 is GG genotype without SNP; Lane
5 is CC homozygote genotype. Bp, base pair; F, forward primer; R, reverse primer.

similar studies on breast cancer; however, our finding on
this SNP was considered preliminary and further larger
studies are needed to validate the significance of this SNP.
Survivin is a valuable marker in the prognosis and genetic
of cancer because of its differential expression in many ma-
lignancies [3]. Also it is the smallest member of the IAP pro-
tein family which regulates cell division and can be initi-
ated via two pathways, the extrinsic or intrinsic apoptotic
pathways [7, 8, 13]. Survivin or BIRC5 gene is expressed ei-
ther in embryonic and fetal organs or in the majority of hu-
man cancers (breast, lung, colon, pancreas, bladder, stom-
ach, ovarian, oral and gastric cancer), but usually is not de-
tectable in normal adult tissues with the exception of thy-
mus, basal colonic epithelial and endothelial cells [9, 14].

Survivin is greatly controlled at the transcription level
and is expressed in G2/M phase of the cell cycle. CDE
(GGCGG) and CHR (ATTTGAA) repressor elements which
are located in the proximal region of the survivin promoter
mediate its transcription. This gene has a lot of roles such
as chromosomal attachment, S-phase progression, inhibi-
tion of caspases and etc. [7, 8]. Polymorphism of -31G/C
which located at the CDE/CHR repressor elements in the
promoter region likely de-repress survivin transcription
in the G1 phase in various cancers. Many studies have
shown that this SNP may be a functional SNP within the
promoter [5, 13, 14]. By functional disruption of CDE/CHR
motifs at the binding site, the occurrence of this SNP was
correlated with the over expressing of survivin at both the

mRNA and protein levels [5, 7, 8]. For finding a useful
marker to identify genetic susceptibility, polymorphism of
surviving gene might be of help since survivin acts as an
inhibitor of apoptosis which is essential for eliminating
mutated or transformed cells from the body, thus it may
be possible that subjects with a lower production geno-
type for survivin have increased apoptotic capacity to elim-
inate cells with DNA damage and have decreased suscep-
tibility to breast cancer. This polymorphism may depress
survivin transcription by modifying the binding motif of
the CDE/CHR repressor [2].

Contrary to our expectations in this study, we could not
find any substantial discrepancy in the genotype distribu-
tions of the -31G/C variants among two compared groups.
Thereby, because SNPs often is different between ethnic
populations, further studies with larger sample size are
needed to verify the association of survivin promoter poly-
morphism with BC. Our results showed that the frequency
of the C/C and G/G genotypes was 3.2% and 50% in patients
with BC and 4.9% and 50% in controls, respectively.

We can conclude that the survivin -31G/C SNPs were not
correlated to BC in our study population. It seems that to
clarify the mechanisms of promoter region of survivin in
BC we need a large sample with diverse ethnic groups to
verify the role of functional SNPs in the development of BC
and their associations with clinicopathological factors.

We discovered that the -31C > G polymorphism in the
survivin gene was not correlated to the genetic suscepti-
bility to breast cancer. Although more studies with larger
sample size are needed to confirm our findings. In addi-
tion, cause genetic polymorphisms often are different be-
tween ethnic groups, further studies should be done to
clarify the association between survivin polymorphisms
and Breast cancer in diverse ethnic groups.
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Figure 2. The Nucleotide Sequences of PCR Products of Cases
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