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Abstract

Purpose—Nine previously reported associations between single nucleotide polymorphisms
(SNPs) and breast cancer outcomes from the Shanghai Breast Cancer Study (Stage 1) were further
evaluated in relation to disease-free survival (DFS) and overall survival (OS) among 5,192
additional breast cancer patients (Stage 2).

Methods—Hazard ratios (HR) and 95% confidence intervals (Cl) were calculated by
proportional hazards regression in models adjusted for age, disease stage, estrogen and
progesterone receptor status, and treatment regimens.

Results—Two SNPs had generally consistent results and significant associations with OSin
combined analyses. Compared to women with MMP7 rs11225297 AA genotypes, OS was
moderately better for women with A 7 genotypes (HR: 0.8, 95% CI: 0.7-1.0) and much better for
women with 77 genotypes (HR: 0.4, 95% CI: 0.2-0.8). Compared to women with MMP8
rs11225395 CC genotypes, OS was dlightly better for women with C7 genotypes (HR: 0.9, 95%
Cl: 0.7-1.1) and moderately better for women with 77 genotypes (HR: 0.6, 95% CI: 0.4-0.9). Joint
analysis showed significant dose-response rel ationships with increasing numbers of rare alelesfor
both OS (p<0.001) and DFS (p=0.001)

Conclusions—A functional variant in MMP8and a SNP in high linkage disequilibrium with a
functional variant in MMP7were significantly associated with breast cancer survival in alarge
two-stage survival study among Chinese women. This supports the hypothesis that SNPsin MMP
genes may influence breast cancer prognosis; additional research on these and other SNPsin genes
important in metastasis, angiogenesis, and the regulation of the tumor microenvironment is
warranted.
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Introduction

Methods

Established prognostic factors for women with breast cancer include age at diagnosis, stage
of disease as classified by tumor size, nodal involvement, and the presence of metastases
(TNM), tumor hormone receptor status, and Her-2/neu growth factor status. Asindividual
variation in prognosisisonly partially explained by these and other tumor or patient
characteristics, common inherited genetic variation is proposed to a so influence breast
cancer survival. Candidate genes and pathways that have been investigated include, but are
not limited to, cell proliferation and apoptosis, inflammation and angiogenesis, steroid
hormone metabolism and signaling, and drug metabolizing enzymes. Many associations
between common single nucleotide polymorphisms (SNPs) and breast cancer outcomes have
been previously reported by both our research group (1-8), and others (9-11). However, to
date, few breast cancer survival associations have been replicated (12, 13). In order to
evaluate if previously reported associations between candidate gene polymorphisms and
breast cancer survival could be replicated, we evaluated nine SNPs in eight genes with
published results from the Shanghai Breast Cancer Study (SBCS, Stage 1) in an independent
set (Stage 2) of breast cancer patients recruited from the second phase of the SBCS and the
Shanghai Breast Cancer Survival Study (SBCSS).

Study population

Subjects were participants of the Shanghai Breast Cancer Study (SBCS) and the Shanghai
Breast Cancer Survival Study (SBCSS), two large population based studies of women in
urban Shanghai. The SBCSis atwo-phase (SBCS-I and SBCS-11) case-control study; study
design and data collection procedures have been previously described (14, 15). The SBCSS
is a prospective cohort study of breast cancer cases; study design and data collection
procedures have been previously described (16). In this analysis, Stage 1 included SBCS-|
cases, and Stage 2 included SBCS-11 and SBCSS cases. All included participants provided
written informed consent, and approval was granted from relevant institutional review
boards in both China and the United States.

Study Stage 1 cases were identified through arapid case ascertainment system supplemented
by the Shanghai Cancer Registry. Recruitment occurred between August 1996 and March
1998, and identified atotal of 1,602 eligible breast cancer cases. In person interviews with
structured questionnaires were completed by 1,459 (91.1%) women. Reasons for
nonparticipation included refusal (N=109, 6.8%), death before interview (N=17, 1.1%), and
inability to be located (N=17, 1.1%). Clinical characteristics and patient treatment
information was abstracted from medical records using a standard protocol. Cancer
diagnoses were confirmed by histological examination by two senior pathologists. Patients
were followed through July 2005 by active follow-up surveys, aswell as death certificate
linkage with the Vital Statistics Unit of the Shanghai Center for Disease Control and
Prevention. A total of 1,378 (94.4%) patients were directly contacted, or if deceased, contact
was made with the next of kin (N=266, 19.3%). Status of the remaining 77 patients was
determined by death registry linkage; 47 of these were found be deceased. The remaining 30
patients were assumed to be alive six months prior to the date of the death certificate linkage
to allow for the possible delay of record entry. Four subjects had insufficient information for
record linkage, and were considered to be lost to follow-up.

Study Stage 2 included SBCS-II and SBCSS participants, which due to overlapping

recruitment times and practices had 1,486 patients enrolled in both studies. Briefly, SBCS-1I
recruitment occurred between April 2002 and February 2005, and identified atotal of 2,386
eligible breast cancer cases. Eligibility criteria between SBCS-1 and SBCS-11 were identical,
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except that age limits were expanded from 25 to 65 yearsin SBCS-, to 20to 70 yearsin
SBCSHI. Of eligible SBCS 11 cases, 1,988 (83.3%) completed questionnaires that included
detailed information on demographic, reproductive, and other factors. Reasons for
nonparticipation in SBCS-11 included refusal (N=327, 13.7%) and the inability to be located
(N=71, 3.0%). The SBCSS recruited women aged 20 to 75 years who were diagnosed with
primary breast cancer between March 2002 and April 2006, identified from the population-
based Shanghai Cancer Registry. Of 6,299 cases identified, 5,042 (80.0%) provided written
informed consent and completed in-person interviews with structured questionnaires
covering demographic, reproductive, medical and lifestyle characteristics approximately 6
months after cancer diagnoses. Reasons for nonparticipation included refusal (N=757,
12.0%), absence during enrollment (N=258, 4.1%), inability to be contacted (N=83, 1.3%),
or health or communication issues (N=159, 2.5%). Cancer diagnoses were confirmed by a
combination of medical record review and central review of pathological slides. Stage 2
participants were followed through June 2009 by active follow-up surveys, as well as annual
death certificate linkage with the Vital Statistics Unit of the Shanghai Center for Disease
Control and Prevention, last conducted in October 2008.

DNA extraction, SNP selection, and genotyping

Blood or buccal cell samples were donated and available for 1,193 (81.8%) cases from
SBCSH, and 5,381 (97.0%) cases from SBCS-11 and SBCSS. Genomic DNA was extracted
from buffy coats using commercial DNA purification kits according to manufacturer
instructions. Polymorphisms analyzed in the current study were selected from published
SBCSH results of SNPs found to have significant or marginal associations with breast
cancer survival. Nine SNPsin 8 genes were included in this analysis (Table 1). Stage 1
genotyping was conducted by a variety of methods, including PCR-RFLP (CCND1 rs9344,
COMT rs4680, and TGFB1 rs1800470) (1, 4, 7), TagMan alelic discrimination assays
(MMP8 rs11225395, MMPI12 rs652438, PAI1/SERPINE1 rs1799889, and VEGFA
rs2010963) (2, 3, 5, 6) and Affymetrix Targeted genotyping (MMP7 rs11568818 and
1s11225297) (8). Stage 2 genotyping was also conducted by a variety of methods including
Tagman allelic discrimination assays (PA/Z/SERPINE1 rs1799889and TGFB1 rs1800470),
Sequenom iPLEX MassARRAY assays (CCND1 rs9344, MMP7 rs11568818 and
1511225297, MMP12 rs652438, and VEGFA rs2010963), and the Affymetrix Genome-Wide
Human SNP Array 6.0 (COMT rs4680, MMP7 rs11225297, and MMP8 rs11225395).
Stringent quality control was employed for al methods included. Genotyping in Stage 1 had
an average quality control rate of 98.3 (range: 95.5-100%); genotyping in Stage 2 had an
average quality control rate of 98.7% (range: 96.5-100%).

Statistical analysis

Hardy-Weinberg equilibrium (HWE) was evaluated by comparing observed and expected
genotype frequencies in both separate and combined study stages. Associations between
SNPs and patient or clinical characteristics were evaluated with the x? test. Survival time
was defined as beginning at the time of cancer diagnosis, and ending at either relapse or
breast cancer death for disease-free survival (DFS) or any death for overall survival (OS), or
else censored at the date of last contact. Hazard ratios and their corresponding 95%
confidence intervals (HR and 95%CI, respectively) were determined by Cox proportional
hazards regression. Estimates of effect were estimated in both age-adjusted models, and in
models that included additional adjustment for clinical predictors, including TNM, steroid
hormone receptor status (ER and PR), and treatment, including chemotherapy, radiotherapy,
and tamoxifen. In analyses of the two study stages combined, additional adjustment for
study stage was included. Five-year survival rates were determined by Kaplan-Meier
functions; differencesin survival curves were assessed by the log-rank test. In the current
analysis, Stage 1 results may differ from those previously published due to additionally
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genotyped participants, exclusion of previously included participants, additional follow-up
time for participants included, and the use of major alele homozygotes as the reference
group. All statistical tests were two-tailed. P-values less than 0.05 were considered
statistically significant; all analyses were conducted with SASv 9.1 (SAS Ingtitute, Cary,
NC).

Nine SNPsin eight genes (Table 1) previously reported to be associated with breast cancer
survival among SBCS-I participants (Stage 1) were selected for evaluation in Stage 2 among
SBCS-II and SBCSS participants. Minor allele frequencies of the SNPs ranged from 8.6%
(MMP7 rs11568818, Stage 1) to 48.4% ( TGFB1 rs1800470, Stage 2). SNP genotype
frequencies were found to be in HWE except for MMP12 rs652438in Stage 1 (p=0.003),
and 7GFB1 rs1800470in Stage 2 (p=0.003). Among corresponding Stage 1 controls,
genotypes for MMP12 rs652438did not deviate from HWE; no corresponding Stage 2
controls were genotyped for 7GFB rs1800470, so HWE could not be assessed.

A total of 6,307 Chinese breast cancer patients with genotyping data and follow-up data
were evaluated in the current study (Table 2); not all participants were genotyped for all
variants. Stage 1 included 1,115 SBCS-| cases, and Stage 2 included 5,192 SBCS-1I and
SBCSS breast cancer cases. As Stage 2 participants were more recently recruited, Stage 1
participants had longer follow-up time than Stage 2 participants; mean follow-up times for
Stage 1 and Stage 2 participants were 6.5 and 4.3 years, respectively. All together, these
6,307 women accumulated more than 29,665 person-years at risk; atotal of 724 deaths
occurred. Breast cancer cases in the two study stages originated from the same source
population, and so were generally comparable. Differences between Stage 1 and Stage 2
patients likely arose from changesin age digibility criteria, calendar year of diagnosis, and
changes in treatment regimens for breast cancer. Stage 2 patients were older (p-
value<0.001), more likely to have earlier disease stages (p-value<0.001), and less likely to
be progesterone receptor positive (p-value=0.002), or treated with chemotherapy (p-
value<0.001), radiotherapy (p-value<0.001), or tamoxifen (p-value<0.001) than Stage 1
patients. None of these differences remained significant after adjustment for calendar year of
diagnosis (data not shown).

Associations with DFS and OS were evaluated in Stage 1, Stage 2, and in combined
analyses (Table 3). Two SNPs were found to have generally consistent results between the
two study stages, and significant dose-response associations with OS in analyses of both
study stages combined. Compared to women with MMP7 rs11225297 AA genotypes,
women with A T genotypes had 20% better OS (HR: 0.8, 95% CI: 0.7-1.0), and women with
TT genotypes had 60% better OS (HR: 0.4, 95% CI: 0.2-0.8). Similarly, compared to
women with MMP8 rs11225395 CC genotypes, women with CT genotypes had 10% better
OS (HR: 0.9, CI: 0.7-1.1), and women with 77 genotypes had 40% better OS (HR: 0.6, 95%
Cl: 0.4-0.9). The remaining SNPs were not significantly associated with either DFS or OSin
combined analyses of Stage 1 and Stage 2 participants using additive models. A recessive
model of TGFB rs1800470(C/T) (dso known as T+29C, which merged with rs1982073)
did show a significant association with OS (HR: 0.8, 95% CI: 0.6-1.0), although significance
was attenuated after adjustment for known prognostic factors (p=0.077). All results were
unaltered when either /n st (N=202) or stage 4 (N=39) cases were excluded from analysis,
or when models included only adjustment for age (data not shown).

To evaluate the combined effect of MMP7 rs11225297 and MM P8 rs11225395 on breast
cancer survival, joint analysis was conducted. Significant dose-response rel ationships from
Cox proportional hazards regression were evident for both OS (p<0.001) and DFS (p=0.001)
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(Table 4). Similarly, Kaplan-Meier survival functions were significantly different for
women with increasing numbers of minor aleles for both OS (p<0.008) and DFS (p<0.029)
(Figure 1). For women with zero, one or two, and three or four minor alleles, five-year OS
rates were 78.4%, 83.9%, and 90.0%, and five-year DFS rates were 71.6%, 77.6%, and
80.1%, respectively.

Discussion

Nine SNPsin eight genes previously reported to be associated with breast cancer survival
among participants of the SBCS-1 (Stage 1) were selected and evaluated for replication
among SBCS-11 and SBCSS participants (Stage 2). Results for five SNPs (CCND1 rs9344,
MMP7 rs11568818 MMP12 rs652438, PAI1L/SERPINE1 rs1799889, and VEGFA
rs2010963) were neither consistent between the two study stages, nor significant in
combined analyses. One SNP ( 7TGFB1 rs1800470) had results that were generally consistent
between the two study stages, and significant in an age-adjusted recessive model for OS,
although significance was attenuated after adjustment for additional prognostic factors.
Current results for this SNP differ from previously published results (1) as updated SBCS-I
data was included and women with two copies of the major allele were used as the reference
group. Another SNP (COMT rs4680) also had generally consistent results between the two
study stages for OS, however the primary Stage 1 finding was for a recessive association for
DFS (7), which was not replicated in Stage 2. Two SNPs had generally consistent
associations with overall survival among participants in the two study stages, and significant
associations in combined analyses. MMPS8 rs11225395 was associated with a greater than
15% reduction in the risk of death per rare alele (HR: 0.82; 95% CI: 0.69-0.97), while
MMP7 rs11225297was associated with a greater than 20% reduction in the risk of death per
rare allele (HR: 0.78; 95% Cl: 0.66-0.92).

Evidence supporting these associations includes biologic plausibility for arole in cancer
progression for MM Ps, as well as a demonstrated functional relevance for both
polymorphisms. The matrix metalloproteinases are family of zinc-dependent endopeptidases
responsible for the degradation of all protein components of the extracellular matrix (ECM).
In addition to awell-known role in cancer metastasis, the MM Ps have also been implicated
in cell proliferation, cell survival, cell migration, and angiogenesis (17-19). MMP7 isa
minimal domain metalloproteinase with broad substrate specificity; it is normally expressed
by both the ductal and glandular epithelium of the breast (20, 21). Tumors were found to
express higher MMP7 levels than normal breast tissues, and high expression was associated
with poor clinical outcome (22). We previously reported that two MM P7variants were
associated with breast cancer survival among SBCS-I participants (8); however, only one of
these had a consistent association with OS in the current analysis. MMP7 rs11225297isin
high LD (D'=0.96) with rs12184413, which was associated with breast cancer risk among
SBCS-| and Il participants and demonstrated to influence nuclear protein binding by /n vitro
experiments (14). MMP8 is expressed primarily by neutrophils and cleaves interstitial
collagens. A paradoxical role for MMP8 in metastasis has been described; serum MMP8
levels were significantly higher in breast cancer patients with moderate lymph node
involvement than in controls and lymph node negative patients, but were also significantly
higher than patients with extensive lymph node metastasis (23). MMP8 rs11225395was first
shown to be associated with lymph node metastasis among breast cancer patientsin the
Leuven Breast Cancer Study, and then found to be associated with breast cancer survival
among SBCS-| participants (6). Allelic differencesin promoter activity and nuclear protein
binding were demonstrated for MMP8 rs11225395 (6). Results of the current analysis
support the hypothesis that individual variation in the region downstream of the MAMP7 gene
and in the promoter of MM P8may influence breast cancer prognosis.

J Cancer Res Clin Oncol. Author manuscript; available in PMC 2013 October 28.
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Evidence that imposes caution in the interpretation of the current findings includes the
inconsistency between associations for DFS and OS. However, it is plausible that a factor of
interest may not be associated with both DFS and OS; DFS is a measure of breast cancer
progression, while OS includes all causes of death. Additional evidence that imposes caution
on these findings is the lack of independent significance among participants in the second
study stage. However, the power of ajoint analysisis a staged study design has been shown
to be superior to that of areplication-based analysis (24). Further, when results from Stage 1
and Stage 2 were evaluated for significant differencesin findings, only CCND1 rs9344 and
DFS, and PA/1 rs1799889 and OS were statistically different (data not shown). Differences
between associations in Stage 1 and Stage 2 may also be due to the difference in follow-up
times between these participants, as well as differencesin patient characteristics or clinical
parameters. However, no SNP genotypes were significantly related to disease stage or tumor
characteristics, except for TGFB rs1800470which was associated with PR only among
Stage 2 participants (data not shown). Further, statistical adjustment for study stage or
calendar year of diagnosis did not materially alter our results.

In summary, nine common SNPs previously reported to be associated with breast cancer
survival were evaluated in a second study population. Two polymorphisms, MMP7
1511225297 and MM P8 rs11225395, were found to have results that were generally
consistent between the two study populations and significant associations with overall
survival in combined analyses. Both SNPs are either functional or in linkage disequilibrium
with functional variants, and are in genes related to metastasis and the regulation of the
tumor microenvironment. However, as associations among Stage 2 participants were not
independently significant, a cautious interpretation of these findingsis required. Additional
evaluation of functionally relevant polymorphismsin MMP7and MMP8with breast cancer
survival iswarranted.
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Figure 1. Kaplan-Meier Functionsfor Joint Effect of MM P7 rs11225297 and MM P8 rs11225395
on Breast Cancer Survival

Overall and Disease-Free Kaplan-Meier Survival Functions by the number of minor alleles
for two MM P Polymorphisms (MMP7 rs11225297 and MM P8 rs11225395); p-values from
the Log-Rank test.
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Table 1

Breast Cancer Patients Genotyped and Evaluated for Replication of SNP-Survival Associations, the Shanghai
Breast Cancer Study and the Shanghai Breast Cancer Survival Study

Characteristic ™ Stagel** Stagez**
Patients, N 1,115 5,192
Disease-Free Survival Time, years 59(22) 3.8(1.6)
Overall Survival Time, years 6.5(1.8) 4.3(1.3)
Age at Diagnosis, years 47.8(7.9) 53.2(9.9)
TNM Stage of Disease

ol 280(26.9) 1,840 (38.5)

I 640 (61.4) 2,463 (51.5)

H-v 123(11.8) 479 (10.0)
Estrogen Receptor Status

Positive 495(63.6) 3,248 (64.4)

Negative 283(36.4) 1,793 (35.6)
Progester one Receptor Status

Positive 498(64.8) 2,955 (58.8)

Negative 271(35.2) 2,069 (41.2)
Surgery

Yes 1,109 (100) 5,149 (99.8)

No 0(0) 13(0.3)
Chemotherapy

Yes 1,046 (94.8) 4,696 (91.0)

No 58 (5.3) 466 (9.0)
Radiotherapy

Yes 428(44.7) 1,592 (30.8)

No 530(55.3) 3,570(69.2)
Tamoxifen

Yes 717 (77.6) 2,567 (52.1)

No 207 (22.4) 2,357 (47.9)

Mean (standard error) or N (%) for each variable

*F

Column percents may not sum to 100 due to rounding error

J Cancer Res Clin Oncol. Author manuscript; available in PMC 2013 October 28.
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