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Introduction 

Degradation of the extracellular matrix is the sine qua non of tumor invasion and metastasis, and it is 
mediated primarily by matrix metalloproteinases (MMPs). Destruction of the interstitial collagens, 
types I and HI, is a necessary part of this process, since these collagens comprise nearly 30% of body 
protein and make up the connective tissues through which tumor cells must travel during invasion. 
Collagen degradation is accomplished primarily by a sub-group of MMPs, the collagenases. Of the 
three interstitial collagenases that can contribute to invasion, MMP-1 (collagenase-1) is the most 
ubiquitously expressed and thus, may have the greatest potential for facilitating tumor invasion. We 
have found a single nucleotide polymorphism (SNP) in the MMP-1 promoter that greatly enhances 
transcription of this gene in tumor cells and in normal stromal cells, thereby potentially facilitating 
cancer progression by more aggressive degradation of the interstitial matrix by either the tumor cells 
or the neighboring stromal cells. The single nucleotide polymorphism (SNP) is located at -1607 bp 
in the MMP-1 promoter, where an additional guanine (G) creates a site (5'-AGGA-3'), which binds 
members of the Ets family of transcription factors, and the absence of the G (5'-AGA-3') lacks this 
site. The two alleles at this locus, IG and 2G, are present at approximately equal frequency in normal 
populations, with 25% being 1G/1G homozygous, 50% being 1G/2G heterozygotes, and 25% being 
2G/2G homozygotes. Importantly, the prevalence of the 2G allele was increased significantly in 
breast tumor cell lines compared to the population gene frequency (P= 0.0001), suggesting a potential 
role of this SNP in invasive breast cancer. Because MMP-1 expression in breast cancer correlates 
with an aggressive phenotype, the 2G genotype may serve as a marker for invasive and aggressive 
disease. 

Furthermore, analysis of DNA taken from both normal tissues and from metastatic tumor indicates that 
some breast cancers display loss of heterozygosity (LOH) at llq22-23, the chromosomal location of the 
MMP-1 gene. We have hypothesized that retention of the 2G allele would be associated with aggressive 
disease, suggesting that these metastatic tumors may have a selective advantage over those with the IG 
allele, and that increased expression of MMP-1 may be associated with tumor progression. Thus, we have 
a structural variation in the MMP-1 gene that may be a useful genetic marker in breast cancer and that is 
easily detected. 

Accordingly, the specific aims of this study are: 

1. To genotype DNA from a spectrum of breast tumors (primary and metastatic, ductal carcinoma in 
situ (DCIS); invasive ductal; lobular; inflammatory) in order to evaluate the frequency of the MMP-1 SNP 
in the different types and stages of breast cancer (I - IV). 

2. To evaluate, within breast tumor types, Loss of Heterozygosity (LOH) according to stage of 
disease. To this end, normal and tumor tissues from the same patient will be analyzed to determine LOH in 
the tumor. 

3. To examine breast cancer tissues by immunohistochemistry and in situ hybridization for expression 
of MMP-1 protein and mRNA. These studies will determine whether it is the stromal cells and/or the 
tumor cells that are contributing to the invasive behavior of the tumors, and will be correlated with results of 
genotyping. 

These studies may lead to a new approach for predicting the invasive potential of breast tumors, and may 
influence the choice of therapies for treating specific breast cancers that contain this variation. 
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Body 

Statement of Work and Progress towards Stated Tasks 

* denotes task for year 1 

** denotes tasks for year 2 

Aim/Task 1: To genotype DNA from a spectrum of breast tumors (primary and metastatic; ductal 
carcinoma in situ [DCIS]; invasive ductal; lobular; inflammatory) in order to evaluate the frequency of the 
MMP-1SNP in the different types and stages of breast cancer (I-TV). 

* (1). Months 1- 9: Begin initial review of pathology reports on breast cancer specimens housed at the 
Dartmouth Hitchcock Medical Center. Sort records into type of breast cancer, e.g. primary, metastatic, 
invasive ductal, lobular, inflammatory, ER +/-. Based on review of records, retrieve pathology slide for 
examination by a pathologist, who will delineate tumor tissue on the slide. Cut additional slides from block 
of fixed tissue. ALMOST COMPLETED 

* (2). Months 3-9: Begin extraction of tumor tissues from tissue blocks, and perform PCR amplification 
for the IG vs 2G MMP-1 SNP. Whenever possible, amplify normal tissue from the same individual. ON 
GOING 

** (3). Months 9 -18: Continue with review of tissue samples. Continue amplification for the MMP-1 
SNP in tumor and normal tissue. Begin to analyze data to correlate the IG vs 2G SNP with tumor type, 
primary or metastatic disease, etc. ON GOING 

** Months 18 - 24: Examine data to determine where additional samples are needed in order to 
substantiate previous findings. ONGOING 

Months 26 - 36: Finish examination of patient records, PCR amplification of normal and tumor tissues and 
correlation of SNP with clinical status. 

Aim/Task 2: To evaluate, within breast tumor types, the presence of LOH according to stage of disease. 
To this end, normal and tumor tissues from the same patient will be analyzed. 

* Months 1-12: Genotype normal tissue as well as breast tissue from the same individual. Begin to 
compare the genotype of breast tumors with that of normal tissue taken from the same individual. ON 
GOING 

* »Months 12 -18: Begin to analyze genotype of tumor tissue vs. normal tissue for LOH. ON GOING 

Months 18 -24 : Continue analysis of tumor and normal tissue for LOH in tumors. Where LOH has 
occurred, begin mapping studies to delineate the boundaries of LOH. ON GOING 

Months 24 -36: Finish assaying samples for LOH, finish mapping region of LOH. Correlate findings with 
type of breast cancer and state of disease. 

Aim/Task 3: To examine breast cancer tissues by immunohistochemistry and in situ hybridization for 
expression of MMP-1 protein and mRNA. These studies will determine whether it is the stromal cells 
and/or the tumor cells that are contributing to the invasive behavior of the tumors, and results will be 
correlated with genotyping. 
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** Months 6 - 24: Examine tissue samples from patients for expression of MMP-1 protein/mRNA. ON 
GOING 

** Months 18-24: Begin analysis of data to determine if additional samples are needed from the same or 
other individuals in order to validate findings. ON GOING 

Months 24-36: Finish immunohistochemistry and in situ hybridization. Correlate these expression 
data with analysis of the IG vs 2G SNP and with LOH. 

Accomplishments: As noted in the proposal, we have identified a single nucleotide polymorphism (SNP) 
in the promoter of the MMP-1 gene that increases its expression (1). This SNP is the insertion/deletion of 
an extra guanine (G), so as to create the sequence 5'-GGAA-3' (2G allele) vs. 5'-GAA-3'(lG allele). The 
increase in MMP-1 expression mediated by the 2G allele may increase collagen degradation, thereby 
potentiating tumor invasion. Thus, the overall goal of this study is to evaluate the role of the 2G allele in the 
invasive behavior of breast cancer. In year one of this project, we began our analysis with invasive ductal 
carcinoma because it is the most common form of breast cancer. Further, based on our previous 
experiences with breast cancer cell lines and metastatic melanoma, we initially examined metastatic breast 
tumors derived from regional lymph nodes. We are in the process of analyzing 95 cases of invasive 
metastatic ductal carcinoma. Analysis has been completed on 65. Slides from an additional eight 
specimens have been dissected by Laser Capture Microscopy, 20 more slides are being cut and two more 
cases have been identified recently. Slides will be ordered on these. In summary, of the 95 cases identified 
to date, two-thirds (65/95) have been studied for the 1G/2G genotype and LOH. Over the coming year, we 
will complete the analysis of the remaining 30 cases, and identify and examine five additional cases, 
bringing the total for this portion of the study to 100 cases. 

As described in the proposal, we are examining tumor tissue from the heterozygotes for LOH at the 1 lq 
22-23 locus, a common site for LOH in breast cancer and the location of the MMP-1 gene (2-4). We are 
using our 32P PCR assay with overlapping sets of primers (82 bp or 72 bp) (2) to amplify DNA from the 
tumor tissue (2). Of the 24 heterozygotes detected so far, we have observed LOH in only 5 (Figure 1), 
suggesting that LOH at this locus may not be as common an event in breast cancer as previously reported 
(3,4). Of these five, three have retained the 2G allele and two have retained the IG allele. Note the 
reproducibility in data derived from both the 72 bp and the 82 bp amplicon. Note also that the degree of 
LOH in replicates from any one patient is remarkably consistent and ranges from about 25% to 35% 2G in 
those two samples retaining the IG allele, and 60% to 80% 2G in samples retaining the 2G allele. These 
findings validate our quantitative assay for LOH (2) and substantiate our data. However, the number of 
cases analyzed so far appears to be too small to permit valid conclusions about the potential selective 
advantage of retaining the 2G allele compared to the IG allele. Thus, we plan to analyze additional samples. 

In those patients whose metastatic tumor displayed LOH, we examined the primary tumor from those 
individuals to determine if LOH was an early event, occurring at the site of the primary tumor. Two 
primary tumors showed no LOH, two showed LOH with retention of the 2G allele, and one showed 
retention of the IG allele. Thus, when LOH does occur at this locus, it appears to be an early event in that it 
is present in the primary tumor (Figure 1). Again, the degree of LOH in the primary and in metastatic 
tumors from any individual remained consistent, suggesting that tumors may contain a component of 
normal stromal tissue (2). 

In addition to these studies, which were designed to analyze the SNP in breast cancel progression, 
we examined the association of the 2G allele with breast cancer incidence. The 1G/2G genotype of 
157 women was evaluated by PCR of DNA obtained by buccal swabs. Of these, 82 were invasive 
breast cancer cases representing ductal, lobular, and ductal with a lobular component, and 75 were 
from normal controls. Genotypes of women with cancer were: 29% = 1G/1G, 21% = 2G/2G and 
50% = 1G/2G, and genotypes of control women were: 27% =1G/1G, 27% = 2G/2G and 47% = 
1G/2G, indicating no link between the 2G allele and cancer incidence. These findings contrast with 
those of Kanamori (5), Nishioka (6) and Zhu (7), who demonstrated a significant correlation 
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between the 2G allele and the incidence of ovarian, endometrial and lung cancer, respectively. 

Finally, we are beginning an analysis of MMP-1 rnRNA expression in normal and tumor tissues at 
various stages of tumor progression. Samples were taken from 45 women, in addition to those 95 
mentioned above for LOH analysis. The samples represent normal tissue, atypical ductal 
hyperplasia (ADH), ductal carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC). 
Samples were graded histopathologically on a scale of I to IE by a pathologist for the stage of 
disease for both DCIS and IDC. Samples were prepared from frozen sections, dissected with the 
Laser Capture Microscope, and MMP-1 rnRNA was amplified by real-time RT-PCR for 40 cycles. 
The raw data from these studies are submitted in Appendix I. There is an enormous amount of 
information to be derived from them, and we stress that we are in the earliest stages of data analysis. 
Relative MMP-1 expression can be determined by comparing the threshold cycle (C,) for normal 
tissue to that of tumor tissue. The threshold cycle is defined as the point where fluorescence of an 
unknown sample moves above background. This value is inversely proportional to the amount of 
input rnRNA of the specific target, in this case MMP-1. Therefore, a Ct=40 means the fluorescence 
never gets above background and there is no target rnRNA present. A lower Ct indicates larger 
amounts of target rnRNA. 

Of the 45 individuals examined, 32 (71%) expressed substantial levels of MMP-1 rnRNA, and in 
25 of these individuals, this expression was often seen in the very early stages of disease, i.e.,' at 
ADH or DCIS. Further, fold change in rnRNA levels was calculated as the increase over normal 
control tissue and expressed as log2, since MMP-1 DNA standards were diluted 2 fold, from 1:4 to 
1:256. In general, MMP-1 rnRNA increased with the disease progression (Table 1), with grade I 
tumors showing lower levels of MMP-1 compared to grade II and grade II showing lower levels 
compared to grade IE. (Raw data are presented as Appendix II). These findings suggest that 
MMP-1 expression is common in breast cancers, even at the early stages of disease, and that 
expression increases as tumors progress. We are in the process of genotyping these specimens so 
that we can correlate the level of MMP-1 gene expression with the IG vs. 2G genotype. These 
expression studies will be confirmed with immunohistochemistry. 
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Table 1. Fold increase in MMP-1 mRNA correlated with grade of breast cancer in DCIS and IDC. 

Grade               Fold Stand SEM 
Increase Dev 

I              320.8 762.0 288.0 
II            4368.9 10729.1 3576.4 

III          34054.3 86164.7 28721.6 

Key Research Accomplishments 

• Identified and retrieved 95 specimens from metastatic ductal carcinoma 
• Cut histologic sections on 73 of these, with 20 additional in progress, two more cases identified 
and five more anticipated. 
• Dissected normal and breast tissue from 65 of these 
• Genotyped normal and breast tissue from these 
• Examined 24 heterozygotes for LOH 
• Detected LOH in 5/24: retention of the 2G allele in 3 samples, retention of the IG allele in 2 
samples. 

Reportable Outcomes 

¥ Abstract submitted to DoD, April 1,2002 
• manuscript on the role of the SNP in breast cancer incidence and progression is in preparation, 

and awaits analysis of the final samples before completion. 
• manuscript anticipated on MMP-1 expression levels and correlation with 1G/2G genotype and 

mRNA expression. These studies will be confirmed by immunohistochemistry to localize MMP-1 to the 
tumor cells and/or surrounding stromal tissues. 

Conclusions 
1. The study is progressing well and on time. 

2. The data obtained so far support the hypothesis that the 2G allele does not predispose women 
to breast cancer. However, we do not yet know whether it is associated with progression of 
established disease. We do know that LOH at the llq22-23 locus is relatively rare. Further, 
the fact that each allele seems to be retained with the same frequency may imply mat there is no 
selective pressure to retain the 2G allele. 

3. The data obtained so far indicate that MMP-1 expression is a common and early event in breast 
cancer. Further, the levels of expression increase as the disease progresses from ADH to DCIS 
to IDC. 

4. The "so what" of this study are the facts that (a) the 2G allele does not seem to predispose 
Caucasian women to breast cancer, a finding that contrasts with studies on ovarian (5), 
endometrial (6) and lung (7) cancers, and (b) MMP-1 mRNA is expressed by breast cancer 
tissues. As the studies continue, and we correlate expression with the SNP genotype, we may 
find that the 2G allele does not mediate increased MMP-1 expression, and that compensatory 
mechanisms are present to drive MMP-1 expression in cells containing either the IG or the 2G 
allele. This is similar to our studies on MMP-1 expression in on a melanoma cell line, which is 
homozygous for the IG allele, but which expresses high levels of MMP-1 (8). The findings 
derived from breast cancer are important in understanding the patho genesis of breast cancer 
and in designing therapies to prevent metastasis. 
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APPENDIX  I:  REAL-TIME RT-PCR FOR MMP-1 
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in BREAST CANCER TISSUES 

1 rARGET Normallzer(Cvclophllln. 18S 
Sample ct Mean Ct St Dev. ng Avg. ng St Dev. ng ct Mean Ct St. Dev. ng Avq. nq 
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24.38 0.06 12.28 
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12.38 0.51 0.00 
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0.00 o.oo •DIV/OI 
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t 11 Stock    1:256 26.4992 
26.524 

3.12 O.OO »DIV/OI 
f 12 Stock    1:256 3.07 0.00 »DIV/OI \ 130N 40 

40 
40 
40 

40.00 6.66  " 0.66 W'   0.00 0.00 0.00 0.00 10571499726.70 10571499726.70 
I 2 130N 0.00 0.00 10571499726.70 
I 3 130N 0.00 O.OO 10571499726.70 
E 4 130DCIS 40.00 0.00 0.00 0.00 0.00 O.OO O.OO 0.00 10571499726.70 10571499726.70 0.00 

I 6 lf130DCIS 40 
40 

0.00 O.OO 10571499726.70 
E 7 "      110IDC 40.00 0.00 0.00 0.00 O.OO O.OO 0.00 10571499726.70 10571499726.70 O.OO 36.13         1 

J ._ ....  a— 
to 
 uaiffi  
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40 
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40 
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10571499726.70 37.28         1 

C 1 131ADH 33.96 0.20 0.03 0.02 0.00 O.OO 0.00 . 0.00 10571499726.70 10571499726.70 0.00 
C 2 131ADH 0.02 0.00 10571499726.70 
t 3 \T   131ADH O.02J" O.OO 10571499726.70 

4 131DCIS 40.00 0.00 , 0.00 0.00 0.00 0.00 0.00 0.00 10571499726.70 10571499728.70 0.00 
t 
C 

S 
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13IDCIS 

0.00 
0.00 

0.00 

0.00 
10571499726.70 
10571499726.70 

c 
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c 

7 
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9 
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32.0662 

32.15 o.oa 0.08 
0.08 

0.08 0.00 0.00 
O.OO 

0.00 0.00 10571499726.70 
10571499726.70 

10571499726.70 0.00 puUA-' 

( 10 133N 37.749B 38.57 0.73 0.00 0.00 0.00 O.OO o.oo 0.00 10571499726.70 10571499726.70 0.00 

( 11 
12 
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133N 

3B.8264 
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~~:<r 0.00 
0.00 

O.OO 
0.00 

10571499726.70 

' - 
) 
) 

1 
2 

133DCIS 
K, 133DCIS 

24.4943 
24.3768 

24.35 0.16 11.50 
12.42 

12.66 1.33 0.00 
0.00 

O.OO 0.00 10571499726.70 
10571499726.70 

10571499726.70 0.00 fOA^ 

J 4 1331 DC 28.0043 28.06 0.05 1.17 1.13 0.03 O.OO 0.00 0.00 10571499726.70 
J 5 133IDC 28.0792 1.12 O.OO 10571499726.70 

1 ! 7 14BN 35.6362 35.33 0.29 0.01 0.01 0.00 O.OO 0.00 0.00 10571499726.70 10571499726.70 0.00 
s 148N 35.2917 ■ - 0.01 0.00 1057t499726.70 ) 9 148N 35.0547 0.01 0.00 10571499726.70 

3 10 1460CIS 40 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10571499726.70 10571499726.70 0.00 
3 11 148DCIS 40 0.00 0.00 10571499726.70 
3 12 

1 
v/   14BOCIS 
•\     148IDC 

40 
32.6254 32.66 0.24 

0.00 
0.06 0.06 0.01 

0.00 

0.00 0.00 0.00 
10571499726.70 
10571499726.70 

c 
2 

. .       3 
T48IDC 

....     14BIDC 
32.9075 
32.4343 

0.05 
0.07 

0.00 

.0.00 
10571499726.70 
10571499726.70 

E 5 152N 40 0.00 0.00 
0.00 0.00 10571499726.70 

10571499726.70 
10571499726.70 0.00 

; 6 152N 40.00 0.00 10571499726.70 34.11          I :     - 7 152DCIS 28.7B95 28.93 0.12 0.70 0.65 0.05 0.00 0.00 0.00 10571499726.70 : 8 *   152DCIS 28.9772 0.62 0.00 10571499726.70 : 9 ,      152DCIS . 29.0091 0.61 0.00 1057U997M 70 
10 153N 31.4117 31.26 0.13 0.13 0.13 0.01 0.00 0.00 0.00 10571499726.70 10571499726.70 0.00 

■ 

11 
12 

v   1MN 
*\      153N 

31.16 
31.2725 0.14 

0.00 10571499726.70 13.47          1 

1 
2 

153IDC 
153IDC 

40 
40 

40.00 O.OO 0.00 
0.00 

O.OO 0.00 0.00 
0.00 

0.00 0.00 10571499726.70 
10571499726.70 

10571499726.70 0.00 pjtVC/-' 
3 153IDC 40 

—ÖÖÖ~ 
0.00 0.00 10571499726.70 mt 

5 169N 40 0.00 
 OM  

0.00 10571499726.70 
10571499726.70 0.00 

6 169N 40 0.00 0.00 10571499726.70 
7 169DCIS 27.1476 27.20 0.06 2.05 1.98 0.08 0.00 0.00 0.00 10571499726.70 10571499728.70 
a ^» 189DCIS 27.1962 1.98 0.00 10571499726.70 
9 ■\  189DCIS 27.2643 1.90 0.00 10571499726.70 

11 169IDC 25.4409 6.22 0.00 10571499726.70 
10571499726.70 0.00 

12 169IDC 25.4512 6.17 8.00 11K714«»??« 7(1 
1 180N 36.2243 35.88 0.39 0.01 0.01 0.00 o.oo 0.00 0.00 10571499726.70 10571499726.70 0.00 
2 180N 35.4526 0.01 0.00 10571499726.70 

3 4 W  180ADH 31.6114 31.53 0.08 0.11 0.12 0.01 0.00 0.00 0.00 10571499726.70 10571499726.70 0.00 s S ^      180ADH 31.5257 0.12 0.00 10571499726.70 s 
> 

s 
7 

180A0H 31.4817 0.12 0.00 10571499726.70 

s e 180DCIS 31.3412 0.13 0.00 —:  10571499726.70 
9 180DCIS 31.3131 0.14 0.00 10571499726.70 s 10 1S0I0C 40 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10571499726.70 

G 11 1B0IDC 40 0.00 0.00 10571499726.70 s 12 1B0IDC, 40 0.00 0.00 10571499756 70 
H 1 183N   ' 40 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10571499726.70 
H 2 183N 40 0.00 0.00 10571499726.70 

■1 
3 1B3N 40 0.00 O.OO 10571499726.70 

/ H 5 ir  183DC1S 40 0.00 0.00  
!   SS— 

10571499726.70 

n 
H 

6 ...      .,  
8 

1   183DCIS 
184N 
184N 

40 
'-So- 

40 
40.66 6.66 

0.00 
 UjjS  

0.00 
—m— '6.66  

0.00 
0.00 

0.00 

—rar-■ 6.66" 
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10S71499726.7C 0.00 m ■ 

H 
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H 

9 
10 
11 
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40 
40 
40 

40.00 0.00 
0.00 
0.00 
0.00 
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0.00 
0.00 
0.00 

o.oo 0.00 
10571499726.70 
10571499726.70 
10571499726.70 

10571499726.70 o.oo 

H 12 184DCIS 40 0.00 0.00 10571499726.70 

1 1 
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TARGET 
Sample 

Slock    1:Z56 
Slock     1:256 

JiUBL 

_tUE£_ 

■srar 

TTÄ5? 
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Jissii 

40 
40 

25.7609 
-40— 
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JiSBl 

40 
40 
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1SW 

4J.IW 

0.00 

TOT" 
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_sa_ 
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3.07 

0,00 
0.00 
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0.13 
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0.00 
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0.65 
0.73 
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0.01 
0.01 
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0.19 
0.17 
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-ra- 

0.01 
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-rar 
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■rar 
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0.00 
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0571499726.70 
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0571499726.70 
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0571499726.70 
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0571499726.70 
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A"«- "1 
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10571499726.70 

10571499726.70 

■uVUMs.-Q 

10571499726.70 

1O571499726.70 

St.Dev. ng 

35.01 I 
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0571499726.70 
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T^ 
0571499726.70 

10571499726.70 
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-rar 
40 
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-srsr ■w Tir 
10571499726 70 
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0.13 
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0571499726.70 

10571499726.70 

0571499726.70 

"PC'S 
32.9613 
fijBBl 

40 
40 

0.O9 
0.00 
0.00 
0.00 

0571499726.70 
10571499726.70 

-rar TTTÜT -oTsr 
0571499726.70 
"M?U99726.70' 
0571499726.70 

1057|4997M.70' 0.00 

0571499726.70 
10571499726.70 
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Case ID Stages captured Age ER PR HER2 Node 
8 DCIS (III),IDC (HI) 48 Pos Pos Pos Pos 
14 N,DCIS (I),IDC (I) 44 Pos Pos ND Pos 
22 ADH,DCIS (I) 44 MD ND ND Pos 
25 DCIS (T),IDC (II) 81 Pos Neg ND ND 
30 N,DCIS (III),IDC (m) 47 Neg Neg Neg Pos 
41 N.DCIS (II),IDC (II) 55 Pos Pos ND Neg- 
43 . N,DciS(n),iDC(n) 53 Pos Neg Neg Pos 
44 N,DCIS (m),iDC (m) 28 Pos Pos Neg Neg' 
45 N,DCIS (1) 36 Pos Neg Neg Neg^ 
57 N,ADH,DCIS (I) 34 ND ND ND Neg ^ 
65 N,DCIS (m),IDC (III) 39 Pos Pos Neg Neg- 
78 MPR 46 ND ND ND ND 
79 N,ADEUDCIS (I),IDC (I) 54 Pos Pos Neg Pos 
88 N,DCIS (m),IDC (HI) 35 Pos Pos ND Pos 
95 MPR 16 ND ND ND ND 
96 N,DCIS (IO),IDC (HI) 31 Neg Neg Neg Pos 
97 DCIS (III),IDC (ID) 79 Neg Neg Pos Pos 
102 N,DCIS (I),IDC (I) 55 Pos Neg Neg Pos 
112 N,DCIS (m)5IDC (HI) 31 Neg Pos Neg Pos 
121 N,DCIS (H),IDC (0) 45 Pos Pos Pos Pos 
130 N,DCIS (H),IDC (IT) 54 Pos Pos Neg Pos. 
131 N,ADH,DCIS (U),JDC (II) 37 Pos Pos Pos Pos 
133 N,DCIS (III),IDC (HI) 44 Neg Neg Pos Pos 
148 N,DCIS (nxroc (n) 42 Pos Pos Neg Pos 
152 N,DCIS(III) 55 ND ND ND Neg _ 
153 N,IDC(I) 46 Pos Pos Pos Pos 
169 N.DCIS (II),IDC (II) 34 Pos Pos Neg Pos 
170 N,DCIS (H),IDC (II) 44 Pos Pos Pos 
173 N,DCIS (I),IDC (I) 52 Pos Pos Neg Neg^ 
178 Nj)ciS(m),iDC(in) 43 Pos Pos Pos Pos 
179 N,DCIS (m),IDC (HI) 37 Neg Neg Pos-FISH Pos 
180 N,ADH,BCIS(I)5IDC(I) 46 Pos Pos Pos 
183 N,DCIS (II) 46 ND ND ND Pos 
191 N,ADH,DCIS (II) 43 ND ND ND ND 
193 N,ADH,DCIS (£)JDC (I) 45 Pos Pos Neg Pos 
198 NJ)CIS (H),IDC (II) 30 Pos Pos Neg" 
210 N,ADH,DCIS (I) 62 ND ND ND Neg •" 
213 N,ADH 45 ND ND ND Neg " 
215 MPR 30 ND ND ND ND 
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APPENDIX II:  FOLD INCREASE IN MMP-1  EXPRESSION IN GRADE  I,  II AND III BREAST CANCER 
Average 

Exponent   Grade Fold increase Grade Fold Increase    Stand Dev SEM 
51 32.0 I 320.8         762.0         288.0 
21 4.0 II 4368.9      10729.1        3576.4 
6 1 64.0 III 34054.3     86164.7     28721.6 
51 32.0 
6 1 64.0 Values excluding outliers (+/- 2*st dev) 

0.5 1 1.4 Grade Fold Increase    Stand Dev 
11 I 2048.0 I 32.9   27.43212 

II 819.0    1393.372 
7 II 128.0 III 5543.1    11127.69 

10 11 1024.0 
12 II 4096.0 
15 11 32768.0 
10 11 1024.0 

3 11 8.0 
3 II 8.0 
8 11 256.0 
3 11 8.0 

15 III 32768.0 
7.5 III 181.0 
18 III 262144.0 

7 III 128.0 
2 III 4.0 

12 III 4096.0 
10 III 1024.0 
11 III 2048.0 
12 III 4096.0 
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GENETIC ANALYSIS OF A SINGLE NUCLEOTIDE POLYMORPHISM IN THE MATRIX 
METALLOPROTEINASE 1 (MMP-1) PROMOTER IN BREAST CANCER 

C.E. Brinckerhoff, Ph.D., L. Titus-Ernstoff, Ph.D., D.R. Belloni, B.S., S. Tobias, M.D., and W.W. 
Noll, M.D. Dartmouth Medical School, Hanover, NH 03755 

e-mail: Brinckerhoff@Dartmouth.edu 

Death from breast cancer results from tumor metastasis, and the sine qua non of metastasis is degradation 
of the extracellular matrix, a process that isvmediated primarily by Matrix Metalloproteinases (MMPs). 
Destruction of the interstitial collagens, types I and HI, is a necessary part of the process, since these 
collagens comprise nearly 30% of body protein and the connective tissues through which tumor cells must 
travel during invasion. Of the three interstitial collagenases that can contribute to invasion, MMP-1 
(collagenase-1) is the most ubiquitously expressed and thus, has the greatest potential for facilitating tumor 
invasion. 

We have found a single nucleotide polymorphism (SNP) in the MMP-1 promoter that enhances 
transcription of this gene in tumor cells and in normal stromal cells, thereby potentially facilitating cancer 
progression by more aggressive degradation of the interstitial matrix. The SNP is located at -1607 bp in 
the MMP-1 promoter, where an additional guanine (G) creates a binding site (5'-AGGA-3') for members 
of the Ets family of transcription factors, and the absence of the G (5'-AGA-3') lacks the binding site. The 
frequency of this SNP in the population is 25% =1 G, 25% =2 G, and 50% = heterozygous. The 2G allele 
has been associated with increased incidence or progression in five cancers: ovarian, endometrial, 
melanoma, colon and lung, and this study investigates its potential role in breast cancer. 

We first examined the association of the 2G allele with the incidence of breast cancer. The 1G/2G 
genotype of 157 women was evaluated by PCR of DNA obtained by buccal swabs (Cancer Epidemiology, 
Biomarkers, and Prevention. 10: 687,2001). Of these, 82 were invasive breast cancer cases representing 
ductal, lobular, and ductal with a lobular component, and 75 were from normal controls. The genotypes for 
women with cancer were: 29% = IG homozygous, 21% = 2G homozygous and 50% = 1G/2G 
heterozygous, and the types for the control women were: 27% =1G homozygous, 27% = 2G homozygous 
and 47% = 1G/2G heterozygous. Thus, there appears to be no link between the 2G genotype and the 
incidence of breast cancer. 

We next investigated the association between the 2G allele and breast cancer metastasis and progression. 
We have begun our analysis with invasive ductal carcinoma, since this is the most common type of breast 
cancer. Based on our previous experiences with metastatic melanoma (Am. J. Pathol. 158: 691,2001), we 
genotyped DNA from 58 patients with overt metastatic breast cancer and found no deviation from control 
values, suggesting that the 2G allele does not favor metastasis. We have also analyzed tumor tissue from 
the heterozygotes for Loss of Heterozygosity (LOH) at the 1 lq 22-23 locus, a common site for LOH in 
breast cancer and the location of the MMP-1 gene, since we hypothesized that retention of the 2G allele 
after LOH provided tumors with an advantage for progression. We used our 32P PCR assay with 
overlapping sets of primers (82 bp or 72 bp) to amplify DNA from the tumor tissue. Of 24 heterozygotes, 
we observed LOH in only 5, with retention of the 2G allele in 3 cases. Thus, additional samples need to be 
analyzed before we can conclude that the presence of the 2G allele in the MMP-1 promoter signifies 
greater invasive potential of the tumor. This allelic variation may be a meaningful genetic marker that can 
help identify those women at higher risk for invasive/metastatic disease, and may have important 
implications for the diagnosis and treatment of certain types of breast cancer. 
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