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Abstract. Metastasis-related genes are deregulated in 
cancer by aberrant expression or splicing. Here, we analyzed 
polymorphic sites in the osteopontin promoter as potential 
contributors to aberrant expression in breast cancers. This 
study comprised 241 breast cancer specimens, for which DNA 
from normal surrounding tissue was available for 111, and 
65 healthy breast samples. The polymorphic site in position 
-443 of the promoter was associated with tumor grade. As 
expected, there was no association between promoter single 
nucleotide polymorphisms (SNPs) and tumor stage or in situ 
carcinoma versus cancer, as stage and early transformation 
are determined by the sampling time more than by tumor 
genetics. In a subset of samples, osteopontin RNA expression 
levels had previously been obtained. The allelic distribution in 
positions -443 and -1748 was distinct between high and low 
expressors, confirming the importance of promoter SNPs. 
These two sites also form a haplotype. Osteopontin expression 
has been associated with breast cancer progression, regardless 
of the histological subtype of the cancer. Remarkably, the 
polymorphic site at -443, but not -1748 or -1776, showed differ-
ences between ER-positive and ER-negative breast cancers 
and between PR-positive and PR-negative breast cancers, 
but there was no association with HER2 status. In five cases, 
the genotype of the tumor was different from the genotype 
of the host, implying the possibility of somatic mutations in 
the osteopontin promoter that may affect expression. Our 
results corroborate that the osteopontin promoter SNPs -443 
(rs11730582) and -1748 (rs2728127) are important for gene 
expression and breast cancer aggressiveness.

Introduction

Cancer initiation commonly occurs when the coding region 
of a proto-oncogene is mutated to induce a gain of function of 

the resulting gene product, such that it is excessively active, or 
when the coding region of a tumor-suppressor gene suffers a 
mutation that inactivates the resulting gene product. In either 
case, the pathophysiologic consequence is excessive cell cycle 
progression or defective programmed cell death. Cancer 
progression and metastasis are also genetically programmed. 
However, whereas mutations in the coding regions of critical 
genes underlie early transformation, metastasis gene products 
are typically not mutated in cancer. We previously demon-
strated that aberrant expression or splicing of metastasis-related 
genes underlie tumor progression (1,2).

Osteopontin is a metastasis-related gene that contributes 
to the progression of over 30 forms of cancer (3-5). Aberrant 
splicing of osteopontin in cancers has been accounted for 
by our identification of the variant form osteopontin-c, 
which is selectively expressed in cancer cells but is absent 
from non-transformed cells (6-8). Osteopontin-c supports 
anchorage-independent survival and expansion, which are 
essential components of tumor dissemination (9).

Although osteopontin (encoded by the gene spp1) has been 
known to be produced at elevated levels by cancer cells (10), 
the molecular underpinning for its aberrant expression in 
cancer is incompletely accounted for. Osteopontin may 
be induced as a downstream signal transduction target of 
proto-oncogenic growth factors (11) or secondary to gain-of-
function events in transforming signaling pathways (12-14). In 
either case, the binding of cognate transcription factors to spp1 
promoter regions is causative for the upregulated expression. 
This opens the possibility that mutations or polymorphisms 
in the promoter of the spp1 gene (Fig. 1) may predispose to 
various levels of expression after transformation, and hence to 
various levels of tumor aggressiveness. Here, we investigated 
this hypothesis for breast cancer.

Materials and methods

Patients. There were 4 sources of specimens. DNA from 
breast cancer patients and healthy controls was obtained 
from the Division of Human Genetics at The Ohio State 
University (50 breast cancers, 50 untransformed surrounding 
tissues, 50 healthy breasts). From tumors previously 
analyzed for osteopontin RNA expression (6), DNA was 
obtained by phenol/chloroform extraction (23 breast cancers, 
11 surrounding tissues, 15 healthy breasts). DNA from breast 
cancers and surrounding tissues was purchased from Bioserve 
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(86 tumors and 50 untransformed surrounding tissues) and 
from Origene (82 tumors). The total number of samples was 
241 breast cancers, 111 surrounding tissues and 65 healthy 
breast specimens.

DNA genotyping. Genotyping was carried out using ABI 
PRISM 7900HT sequence detection system after performing 
polymerase chain reaction (PCR) on the DNA samples. The 
PCR was performed as directed by the ABI protocol for the 
TaqMan SNP genotyping assays using TaqMan Universal 
PCR master mix, primer and TaqMan probe (VIC/FAM) dye 
mix, and 5 ng/µl genomic DNA sample. The total reaction 
volume was 5 µl. Then, post-PCR plate reads were performed 
using the sequence detection system instrumentation to iden-
tify the distinct alleles according to their fluorescent signals. 
One probe set tested the spp1 polymorphic promoter sites -66 
(rs28357094), -443 (rs11730582), -1748 (rs2728127) and -1776 
(rs29001511). We also set out to investigate non-synonymous 
DNA sequence variations in the coding region. The available 
probes for this comprised the positions 305 (rs11544546), 367 
(rs11544549), 794 (rs7435825) and 1025 (rs4660) and were all 
included in the present study.

RNA and real-time RT-PCR. Specimens of human breast 
tumors, non-transformed surrounding tissue, as well as healthy 
breast tissue (obtained from reduction mammoplasties) were 
provided by the tissue procurement facility of the University 
of Cincinnati Medical Center/Children's Hospital (6). Total 
RNA was extracted from specimens using TRIzol reagent 
(Invitrogen Life Technologies). Total RNA was used for 
cDNA synthesis by reverse transcription with Superscript II 
(Invitrogen Life Technologies) according to the manufacturer's 
protocol in a total volume of 20 µl.

All PCR reactions were performed on a Smart Cycler 
(Cepheid, Sunnyvale, CA, USA) using SYBR-Green detec-
tion format. cDNA (0.5 µl) was added to each PCR reaction 
in a total volume of 25 µl using the standard Invitrogen Life 
Technologies PCR buffer system with optimized concentra-
tions of MgCl2. For each experiment a no-template reaction and 
cDNA from the reference cell line MDA-MB-435 were included 
as negative and positive controls. The conditions for PCR were  
a 94˚C denaturation for 120 sec followed by 40 cycles of: 94˚C 
melting for 15 sec, a primer set specific annealing temperature 
for 30 sec (6), extension at 72˚C for 30 sec, and ending with a 
melting curve program (60-95˚C with a heating rate of 0.2˚C 

Figure 1. Spp1 polymorphisms. (A) Promoter. The sequence is derived from NW_001838915.1 (whole genome shotgun sequence) and NT_016354.19 (genomic 
contig) (the 160 bases proximal to the transcription start site are also confirmed by GenBank nos. NM_001040058.1, NM_001040060 and NM_000582; of 
note, the GenBank sequences S78410.1 and D14813.1 contain a 60 nucleotide gap which is likely a cloning artifact). The silent exon 1 is grey. The ‘A’ that 
starts the conventional numbering of the promoter sequence is displayed in bold green font, as is the downstream ATG start site. The literature has identi-
fied 12 polymorphic sites (red letters on yellow background) in the spp1 promoter, of which 6 have rs or ss numbers (positions -66, -156, -443, -616, -1748, 
-1776) (22,15,26,27,16). Additional polymorphic sites have been reported, and comprise -145/-146 (28), -302 (28), -593 (29), -655 (30), -1282 (31), -1625 (31) 
and -2053 (15). With the exception of one insertion/deletion polymorphism at position -156, all are single nucleotide exchanges. The position and nature of the 
polymorphism is indicated above each site in blue.
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and a continuous fluorescence measurement), and finally a 
cooling step to 4˚C. Product purity, product size, and absence of 
primer dimers were confirmed by DNA melting curve analysis. 
Melt curves yielded a single sharp peak for all template reac-
tions, and a minimal melt peak (resulting from primer dimers) 
or no melt peaks for the no-template control reactions.

Statistics. We performed the Hardy-Weinberg exact test to 
analyze deviations from equilibrium and association analysis 
to evaluate genetic effects on phenotype using the statistical 
software R (www.R-project.org). Single nucleotide polymor-
phisms (SNPs) whose genotype frequencies departed from 
Hardy-Weinberg equilibrium at p<0.01 were filtered out. 
Thus, we evaluated associations among the 3 promoter SNPs 
rs11730582, rs2728127 and rs29001511 in the promoter region 
with various breast cancer characteristics. These statistical 
evaluations were carried out using multivariate logistic regres-
sion under an additive genetic model by χ2 test. The accepted 
significance level for association analysis was 0.1.

The case-control haplotype analysis was performed using 
Haploview v4.2 (http://www.broad.mit.edu/mpg/haploview). 
Similar to the association analysis, the 3 SNPs, rs11730582, 

rs2728127 and rs29001511 in the promoter region, were used 
to generate haplotype frequencies, as the genotype data for 
these SNPs had a p-value above the cut-off value of 0.01.

Results

Patient demographics. This study comprised 241 breast cancer 
specimens, for which DNA from normal surrounding tissue 
was available for 111, and 65 healthy breast samples. The 
entire cohort consisted exclusively of women. In all groups, the 
mean age was close to 50 years. The demographic and cancer 
characteristics are specified in Table Ι.

Individual polymorphic sites and cancer. The polymorphic 
site in position -66 was not in Hardy-Weinberg equilibrium and 
hence was not included in further analyses. When comparing 
the other 3 promoter SNPs between cancers and healthy 
controls, the association analysis by χ2 test using multivariate 
logistic regression under an additive genetic model did not 
reveal significant differences between the groups for positions 
-443, -1748 or -1776. However, a separate analysis using the 
Cochran-Armitage trend test (CATT) and assuming a reces-

  B

Figure 1. Continued. (B) Coding sequence. The polymorphisms with assigned rs numbers are identified in the NCBI SNP database. The protein sequence is 
shown under the nucleotide sequence, and for non-synonymous base changes the amino acid changes are depicted in red letters on yellow background. The 
position and nature of the polymorphism is indicated above each site in blue.
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sive genetic model reached accepted levels of significance for 
all three sites, implying the possibility of a weak association of 
these polymorphisms with cancer. A small set of DNAs from 
colon samples showed a distribution of SNPs very similar 

to breast cancer (Fig. 2A). For studying the coding region 
polymorphisms that are associated with amino acid changes, 
4 probes were available. At SNP position 305, 3 tumors had 
a deviant genotype from all other specimens. This SNP was 

Table I. Patient demographics.

Characteristics Breast cancer (241) Normal surrounding tissue (111) Normal breasts (71)

Cancer subtypes
  Ductal 212 98 0
  Lobular    13   7 0
  Mucinous    2   2 0
  Papillary    0   0 0
Age (years) (means ± SEM) 52.22± 0.79 50.71±0.97 49.13±1.60
Race
  Caucasian    85 49 53
  Asian   87 51   1
  Black   17   3   7
  Hispanic    0   0   0
  Middle Eastern    0   0   1
Tumor size 1.9±1.1 1.9±1.1 na
Tumor grade
  1   13   6 na
  2    63 34 na
  3   70 19 na
Tumor stage
  T1   76 43 na
  T2   114 50 na
  T3    24   7 na
  T4     7   2 na
  N0    90 44 na
  N1    87 42 na
  N2    11   4 na
  N3    24 12 na
  N4     1   0 na
  M0    89 51 na
  M1     1   0 na
Tumor stage
  I   42 22 na
  II 130 60 na
  III   52 20 na
  IV    1   0 na
ER status
  +   98 47 na
  -    79 33 na
PR status
  +   94 42 na
  -   85 38 na
HER2 status
  +   54 18 na
  -    84 36 na

ER, estrogen receptor; PR, progesterone receptor; na, not applicable.
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in Hardy-Weinberg dysequilibrium. The polymorphic sites in 
positions 367, 794 and 1025 showed one homozygous genotype 

for all specimens in this study and therefore were not further 
analyzed (Fig. 2B).

Figure 2. Allelic distribution in breast cancer. (A) Comparison of promoter polymorphisms in breast cancer (n=236) vs. healthy controls (n=63) (y-axis is 
percentage of the total). [Insert, for comparison, a small number of colon specimens (7 colorectal cancers-black, 4 surrounding tissues-dark gray, 5 benign 
growths and non-tumor disease-light gray) with a similar distribution is shown. The samples were obtained from the University of Cincinnati tissue procure-
ment]. (B) Coding region non-synonymous polymorphic sites in breast cancer (n=210) and healthy controls (n=24).

Figure 3. Allelic distribution and cancer characteristics. (A) The top panel indicates promoter polymorphisms related to cancer grade (percent of total), the 
middle panel shows the relation to cancer stage, and the bottom panel reflects the comparison of in situ carcinomas vs. cancer. (B) Osteopontin promoter 
polymorphisms in relation to ER expression (top panel), PR expression (middle panel), or HER2 expression (bottom panel) of the cancers. *Significant differ-
ence between groups at p<0.1; **significant difference between groups at p<0.05. ER, estrogen receptor; PR, progesterone receptor.
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Individual polymorphic sites and clinical measures of cancer. 
Within the cancer cohort, the polymorphisms in position -443 
was correlated with tumor grade (after combining grades 1 
plus 2 and comparing them to grade 3). The difference in 
position -443 between low grade and high grade cancers 
was confirmed by reanalysis with an allelic based test, with a 
recessive genetic model, and an additive/multiplicative genetic 
model using CATT. The polymorphic site in position -1776 just 
barely reached a level of significance when grades 1 and 2 were 
combined (grade 1 alone contained only 13 tumor samples) 
and compared to grade 3. However a reanalysis of grade 1 vs. 
grade 2 and grade 2 vs. grade 3 did not reflect significant differ-
ences in genotype at this position. There was no association 
between the promoter SNPs and tumor stage (I-II vs. III-IV) or 
in situ carcinoma vs. cancer (Fig. 3A). The latter results were 
expected as stage and early transformation are determined by 
the sampling time more than by tumor genetics.

Osteopontin expression has been associated with breast 
cancer progression, regardless of the histologic subtype 
of the cancer (4,6). Importantly, the polymorphic site at 
-443, but not -1748 or -1776, showed differences between 
ER-positive and ER-negative breast cancers and between 

PR-positive and PR-negative breast cancers, but there was no 
association with HER2 status. The -443 allele T was more 
common in the ER-negative cancers and in the PR-negative 
cancers (Fig. 3B).

Somatic mutations. For 111 cancers, DNA from the matching 
untransformed surrounding tissues was available. We tested 
it to detect possible somatic mutations. None were found in 
position -66. In position -443, 2 tumors were heterozygous 
in homozygous hosts, one with the C/C genotype and the 
other with the T/T genotype. In position -1748, 2 tumors 
had a heterozygous genotype, altered from the host homo-
zygous A/A. In position -1776, 1 tumor was heterozygous in 
a homozygous T/T host. These results suggest that tumors 
may encounter somatic mutations in the spp1 promoter that 
have the potential to affect expression levels. For the coding 
region polymorphic sites (positions 305, 367, 794 and 1025), 
there were no differences between tumor and untransformed 
surrounding tissue.

Associations of polymorphisms and expression levels. For 
a subset of samples, information was available concerning 
the expression levels of osteopontin according to real-time 
RT-PCR analysis from breast tissue. We questioned whether 
the promoter haplotype was correlated with expression, using 
0.15 relative units as the cut-off between high and low osteo-
pontin expression. As the allelic distribution in positions -66 
and -1776 was almost homogeneous in patients as well as in the 
normal controls, we focused on -443 and -1748. The base G in 
position -1748, on a homozygous or heterozygous background, 
was associated with higher expression levels of osteopontin 
RNA in the breast tissue (74% G in high expressors vs. 41% G 
in low expressors) (Fig. 4). Of the 6 tumors with the highest 
osteopontin expression (>1.2 relative units), 4 had a G in posi-
tion -1748. The polymorphic site in position -443 appeared to 
have a lesser effect, but the fraction of T/T was increased and 
the fraction of C/C was decreased in the population of high 
expressors compared to the low expressors (47% T/T in high 
expressors vs. 38% T/T in low expressors).

Figure 4. Influence of spp1 promoter haplotype on osteopontin mRNA expression. The samples from cancer patients and healthy controls were combined 
and then divided into 2 groups of low (<0.15 relative units, n=21) or high (>0.15 relative units, n=18) expression levels. Top panel: Distribution of osteopontin 
expression levels and population cut-off. Bottom panel: As all had the genotype T/T in positions -66 and -1776, the expression level was correlated to the 
haplotypes generated in positions -443 and -1748.

Figure 5. Promoter haplotype. Haplotype associations were tested for 
the 4 polymorphic sites under study. The SNP in position -66 was not in 
Hardy-Weinberg equilibrium and was excluded. In both breast cancer patients 
and controls there was an association between SNPs -443 and -1748, while no 
associations were found for SNP -1776. D’, normalized linkage disequilibrium 
coefficient between pairs of loci; LOD, log of the odds score (measure for 
probability of a linkage relationship among selected loci); r2, squared cor-
relation coefficient between 2 SNPs. SNPs, single nucleotide polymorphisms.
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Table II. Frequencies of the polymorphisms.

       Present
Position rs number Alleles HapMap ratio ABI ratio NCBI SNP ratio MAF study ratio

-1776 rs29001511 C/T 0.017/0.983 0.03/0.97 (Cauc) 0.017/0.983 C=0.0059/13 0.007/0.993
    0.00/1.00 (Black)
-1748 rs2728127 A/G 0.5/0.5 0.66/0.34 (Cauc) 0.624/0.376 G=0.3679/805 0.626/0.374
    0.53/0.47 (Black)
-443 rs11730582 C/T 0.26/0.74 0.44/0.56 (Cauc) 0.300/0.700 C=0.3419/748 0.404/0.596
    0.14/0.86 (Black)
    0.305/0.695 (Asian)
-66 rs28357094 G/T 0.5/0.5 0.26/0.74 (Cauc) 0.170/0.830 G=0.1175/257 0.036/0.964
    0.09/0.91 (Black)
305 rs11544546 A/T - - - - 0.98/0.02
367 rs11544549 C/A - - - - 1.00/0.00
794 rs7435825 G/A 1.00/0.00 (Cauc) 1.00/0.00 (Cauc) 1.00/0.00 A=0.043/94 1.00/0.00
   0.81/0.19 (Black) 0.88/0.14 (Black)
   1.00/0.00 (Asian)
1025 rs4660 G/A 1.00/0.00 (Cauc) 1.00/0.00 (Cauc) 0.951/0.049 A=0.017/38 1.00/0.00
   0.90/0.10 (Black) 0.88/0.12 (Black)
   1.00/0.00 (Asian)

Reported polymorphism frequencies from multiple sources are compared to the distributions obtained in the present study. In ABI, Asians 
are the average of Japanese and Chinese. For the NCBI SNP, the ratios reflect all studies combined (weighted averages). The present study 
includes the average of all samples, including cancers, surrounding tissue and healthy controls. SNP, single nucleotide polymorphism; MAF, 
minor allele frequency; Cauc, Caucasian.

Table III. Functions of the polymorphic sites in the spp1 promoter.

Position Transcription factor Disease Refs.

-66 SP1/SP3 Duchenne muscular dystrophy (32)
  Osteoarthritis (25)
  Atherosclerosis predisposition (33)
  Type 1 diabetes (15,16,34)
-145/-146  Nephrolithiasis (28)
-156 RUNX2 Glioma (15)
  Pseudoxanthoma elasticum  (31)
  Systemic lupus erythematosus (35,36)
  Systemic sclerosis (37)
  Diastolic dysfunction in hypertension (38)
-443 MYB Hepatitis c (21,22)
  Melanoma (18)
  Gastric cancer (19)
  Diabetic nephropathy (23)
  Thrombocytopenia, anemia in SLE (24)
  Myocardial infarction (30)
  Osteoarthritis (25)
-593  Nephrolithiasis (29)
-1748  Pseudoxanthoma elasticum (31)

For the polymorphic sites at positions -66, -156, -443, -593, and -1748, disease associations, and in some cases cognate transcription factors 
have been identified in the literature.
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Haplotype analysis. We performed a haplotype analysis for 
the promoter SNPs. The polymorphic site in position -66 was 
eliminated from this evaluation as it was not in Hardy-Weinberg 
equilibrium. Among the other three sites, there was an asso-
ciation between -443 and -1748 in the cancer patient group as 
well as in the healthy controls. No association was found for 
SNP -1776 with either of the other polymorphic sites (Fig. 5).

Discussion

Certain cancer-associated mutations may be individually trans-
forming, such as the chromosome translocation that generates 
the chimeric kinase BCR-ABL in CML or the loss-of-function 
mutations of RB that cause retinoblastoma. Other mutations or 
polymorphisms have the nature of quantitative trait loci that 
collectively affect the risk for transformation or progression, 
with each individual site contributing only moderately. It is 
safe to assume that many of the cancer-associated genetic 
changes in the latter category have not been identified.

The spp1 gene, which encodes osteopontin, is located 
on chromosome 4q22.1. The very diverse roles of the gene 
product in physiology and pathophysiology are regulated on 
the post-transcriptional level (glycosylation, phosphoryla-
tion, sulfation, calcium binding, heparin binding, proteolysis, 
transglutamination), in RNA processing (3 alternative splice 
variants, alternative translation from a non-canonical start site), 
and genetically (polymorphisms in coding and non-coding 
regions). Since 2004 (15,16), there has been increasing interest 
in the biological roles for spp1 promoter polymorphisms in 
various pathologies. Here, we report that promoter polymor-
phisms are also relevant for breast cancer.

Abundant production of osteopontin is correlated with 
aggressiveness (higher stage, higher grade and early progres-
sion) in multiple forms of cancer (3). Known mechanisms for 
osteopontin induction in cancer include the activation of gene 
expression due to elevated signal transduction and the alterna-
tive splicing of the spp1 transcript. It was possible that high 
expression polymorphisms in the spp1 promoter may also 
contribute to an elevated risk for tumor aggressiveness. Here, 
we tested this hypothesis. We found the polymorphic site in 
position -443 of the promoter to be associated with tumor grade, 
such that the allele T is more common in high grade tumors. It is 
also more common in high expressors of osteopontin compared 
to low expressors. Furthermore, this allele occurs at a higher 
frequency in cancers that lack ER over cancers that express this 
receptor and in cancers that lack PR over those that express PR. 
We found that T in position -443 was associated with higher 
aggressiveness of cancers, and consistently hormone receptor-
negative cancers tend to grow more rapidly and have a worse 
prognosis than breast tumors that express ER or PR.

To assess our results against the existing base of knowledge, 
we compared this study to the distribution of polymorphic site 
frequencies according to public databases (Table II). The poly-
morphism in position -443 has been associated with various 
disease phenotypes (Table III). A DNA sequence similar to a 
c-MYB core binding motif, CAGTT, immediately precedes the 
-443 polymorphic promoter position CAAGTT(C/T). However, 
the canonical c-MYB site is 5'-(T/C)AAC(G/T)G-3' (17), 
and transcription via c-MYB from the non-canonical site in 
the spp1 promoter may be context-dependent. While c-MYB 

causes higher transcription from the C allele, there is evidence 
that under some circumstances the T allele may be associated 
with higher levels of expression. In melanoma and gastric 
cancer, the -443 allele C may have elevated transcription over 
allele T or heterozygous C/T, causing an increased risk for 
tumor progression and reduced survival rates (18,19). In hepa-
titis C, the T/T genotype has been associated with an increased 
anti-viral response to hepatitis C [which requires high levels of 
osteopontin (20)], however, the T allele may be more common 
in patients with high hepatitis activity (reflective of a compro-
mised antiviral response due to low levels of osteopontin 
secretion) (21,22). In diseases with autoimmune components, 
the published results likewise point to a complex role for the 
SNP in position -443. Nephropathy in diabetes is more common 
in carriers of the T allele (23), which may reflect increased 
inflammation due to high osteopontin expression. Conversely, 
thrombocytopenia and hemolytic anemia in lupus have an 
autoantibody-mediated pathogenesis, which is supported by 
osteopontin, more strongly in carriers of the C allele (24). The 
polymorphic site -443 is associated with osteoarthritis risk and 
severity. Thrombin-cleaved osteopontin levels in the synovial 
fluid are lower in subjects with the -443T/T genotype, resulting 
in milder disease (25). In the present study the T allele was 
represented more frequently than the C allele at high tumor 
grade and in tumors with high osteopontin RNA levels (of note, 
for a subset of samples this result was confirmed by reanalysis 
in an external core facility to exclude the possibility of an 
erroneous data set). This implies an important role for c-MYB-
independent osteopontin expression in breast cancer.

The SNP frequency in the osteopontin promoter (Fig. 1A) 
was roughly consistent with the estimated variability in DNA 
sequence among humans which is 0.3%. Notably, the coding 
region polymorphisms reported in the NCBI SNP database 
was disproportionately higher. This is consistent with the low 
evolutionary preservation of the osteopontin protein sequence 
and with the low structural constraints of the molecule. It may 
reflect an unstable chromosome locus. However, few of the 
deposited SNPs are backed by larger population studies and 
those located in critical functional sites (such as mutations of 
the RGD motif) may be exceedingly rare. In this study, we 
assessed only non-synonymous (i.e. amino acid-changing) 
polymorphic sites, for which probes were available. The study 
population was entirely homozygous for 3 of the 4. Further 
investigation is required to assess the potential roles of coding 
region polymorphisms within the spp1 gene in breast cancer. 
56 of our specimens were assessed with 2-6-fold coverage. For 
most of them, the reproducibility was 100%. Few samples with 
lower quality DNA had reproducibility in 4 of 6 repeats.
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