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Abstract  Materials  and Methods  

We report here results of a linkage analysis of a marker in 35 fami- 
lies in which the proband had premenopansal bilateral breast cancer. 
This group is of particular interest given their high family risk and the 
question of etiological heterogeneity. Probands were ascertained from 
cancer registries in Los Angeles County and Connecticut and major hos- 
pitals in Montreal and Quebec. Assuming no residual heterogeneity and 
summing lod scores over all families, we obtained strong evidence against 
tight linkage (e .g . ,  lod score at O = 0.000001 is -3.39). To address the issue 
of heterogeneity, we performed admixture and predivided sample analy- 
ses. Using an admixture model we were able to reject the hypothesis of no 
linkage v e r s u s  that of linkage with homogeneity (P = 0.045). However, we 
were unable to reject the hypothesis of no linkage v e r s u s  linkage with 
heterogeneity (P = 0.119) or to distinguish between linkage with homo- 
geneity and linkage with heterogeneity (P =- 0.500). Predivided sample 
analyses based upon age of onset, pathological characteristics, time be- 
tween diagnoses of the breast cancers in each bilateral proband, and the 
span of ages at diagnoses within a family did not discriminate between 
apparently linked and unlinked families. 

Introduct ion 

Attempts  to identify breast cancer  genes have utilized genetic link- 

age analysis of  affected families. Hall et al. ( l )  recently reported 

evidence  strongly suggesting that a gene involved in the et iology o f  

breast cancer  was l inked to the D17S74 (CMM86)  marker  on chro- 

m o s o m e  17q. Evidence  for l inkage was strongest for families with an 

average age of  diagnosis of  45 years or less. For all 23 families, the 

summary  lod 3 score at 0 = 0.001 was -5.48.  For  the 7 families with 

a mean  age at diagnosis of  45 or less, the summary  lod score at 0 = 

0.001 was 5.98. Subsequently,  Narod et al. (2) reported evidence of  

the same linkage in 3 o f  5 families f rom France. Remaining issues 

include (a)  identifying and characterizing the actual breast cancer  

gene, (b) dealing with issues of  heterogenei ty  (i .e. ,  what  proportion o f  

breast cancer  involves this gene and what  variables best def ine this 

heterogeneity),  and (c) investigating gene-envi ronment  interactions. 

We submit this short report o f  results of  l inkage analyses with 

C M M 8 6  for 35 mult iple-case families where  the proband has pre- 

menopausal ,  bilateral breast cancer. This group is o f  particular interest 

given the high familial risk and the question o f  heterogenei ty  (i .e. ,  

what  proportion, if  any, o f  these families appears to be l inked to 

CMM86) .  
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Family Data. Families for this analysis were identified as part of a large, 
ongoing genetic-epidemiological study of bilateral breast cancer. Cases of 
bilateral breast cancer with a diagnosis prior to 50 years of age were identified 
from the Los Angeles County Tumor Registry (1970-1989), the Connecticut 
Tumor Registry (1935-1989), and the major hospitals in Montr6al and Qu6bec 
City, which cover 95% of all cases in these cities and southern Qu6bec 
Province. Index cases were sent questionnaires regarding family history of 
breast cancer. We received 434 completed questionnaires: 200, 156, and 78, 
respectively from the Los Angeles, Connecticut, and Montr6al study sites. 
From the questionnaires, we identified multiple-case families potentially in- 
formative for genetic linkage. Blood samples were obtained from as many 
living members as possible. DNA was extracted and stored for future analysis. 
We currently have 70 multiple-case families, with DNA from 428 members. 
We selected 35 of our more informative families (judged by the number of 
cases and relatives on whom we had blood samples and their position in the 
pedigree) to investigate linkage to CMM86. These families ranged in size from 
4 to 51 (mean, 13.6), with 2 to 11 (mean, 3.6) affected individuals in each. 
Copies of pedigrees are available upon request. 

Determination of CMM86. DNA was isolated from peripheral blood lym- 
phocytes by treatment with SDS and proteinase-K, followed by phenol-chlo- 
roform extraction and ethanol precipitation. Genomic DNAs (5 lag) from 
unrelated individuals and breast cancer family members were digested with 
H i n t  restriction enzyme and electrophoresed through 1.3% agarose gels in 50 
n ~  Tris-acetate (pH 7.4)/1 n ~  EDTA, transferred to nylon membranes and UV 
cross-linked (3). 

The CMM86 insert (obtained from the American Type Culture Collection) 
was labeled [3,-32p]dATP by random priming to approximately l09 @m/lag (4). 
Prehybridization and hybridization were carried out in 1% bovine serum al- 
bumin, 0.5 M sodium phosphate (pH 7.0), 1 rnM EDTA, and 7% SDS at 65~ 
with shaking. After hybridization, membranes were washed twice in 20x 
standard saline citrate (3 M sodium chloride/0.3 r~ sodium citrate)/0.1% SDS 
and twice in 0.1 x standard saline citrate/0.1% SDS, each time for 20 rain at 
65~ and exposed to Kodak XAR5 film for autoradiography. 

Analytical Methods. The 1992 version of the computer program MEN- 
DEL (5) was run on an IBM/9000 model 900 under multiple virtual systems 
(MVS) to calculate lod scores for a single recombination parameter, 0. The 
program was modified to incorporate the age-at-onset step function model 
reported by Claus et al. (6). The model gives cumulative incidence as geno- 
type-dependent step functions with steps at every 10 years from age 30 to age 
80. For gene carriers, the cumulative incidence begins at 0.0167 for those 
under age 30 and increases to 1.000 for those age 80 or over. For noncarriers, 
the cumulative incidence begins at 0.0002 and increases to 0.1254 at age 80. 
We estimated the density at each step by dividing the increase in step height by 
the step length. The penetrance function is given by the density for affected 
individuals or by 1-cumulative incidence for unaffected persons. The fre- 
quency of the high-risk allele was set to 0.0006, and probabilities for males 
were set equal to those for females age 20-29. This model was chosen for 
comparability with other reported linkage analyses between breast cancer 
phenotype and CMM86. Lod scores were calculated for 21 values: 0.000001, 
0.25, 0.50, 0.075 . . . . . .  0.450, 0.475, 0.500. Vectors of lod scores were 
summed for all families and for subgroups defined by age at onset (families 
with all cases younger than 45 years at diagnosis versus families with one or 
more cases 45 years or older at diagnosis), concordance of age at diagnosis 
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(families with diagnoses within 10 years of age for all cases versus  families 
with difference in age at diagnosis greater than 10 years for at least two cases), 
synchronicity (proband had both primaries diagnosed within 1 year versus  

greater than 1 year), and pathologic diagnosis. Pathologic diagnosis was based 
on histopathologic findings (7) described in the original pathology report or 
rapid report form of the Los Angeles Cancer Surveillance Program. Families 
were included in subgroups based on pathologic diagnosis only if confirmed 

diagnosis was available for tumors of both breasts of the proband and for a 

tumor of  at least one additional case in the family. Four groups of families were 

defined: families in which all cases with confirmed diagnoses had tumors 

classified as ductal carcinoma in situ, invasive ductai carcinoma or spatial 

variants thereof (ductal); families in which all cases with confirmed diagnoses 

had at least one tumor displaying both Iobular and ductal elements (mixed); 

families in which cases with confirmed diagnoses were discordant with respect 

to histopathologic diagnosis (discordant), i.e., at least one case had a histo- 

pathologic diagnosis differing from that of the proband; and remaining families 

with inadequate pathologic diagnoses (missing). 

Heterogeneity testing was performed on a ProSys 486 microcomputer using 

Jurg Ott's 1988 versions of HOMOG and MTEST. Input consisted of lod 

scores calculated for all values of 0 enumerated above except 0.5. 

Results  

Results of linkage analyses when all cases of  breast cancer were 
considered affected are presented in Table 1. The largest value of  the 
sum of  lod scores over all families is 0.6226 for 0 = 0.20. At 0 = 
0.00001, the sum of  all lod scores was -3 .39 .  For 17 of  the 35 families 
the highest lod score occurs at 0 = 0.00001 with no observed recom- 
binants among cases of  breast cancer within a given family. 

Results when only premenopausal breast cancer was coded as af- 
fected, given in Table 2, were similar. The largest value of  the sum of  
all lod scores is 0.3287 at 0 = 0.225. Sixteen of 35 families have no 
observed recombinant among cases. 

Since mean age at diagnosis was reported to discriminate between 
17q linked and unlinked families in the analyses of  Hall e t  al .  ( 1 ) ,  

Table 2 Lod scores for  each family, with disease status defined as premenopausal 
breast cancer only 

Lod(O) 

Pedigree O: 0.0(Kt~[ 0.05 0.10 0.20 0.30 0.40 

BCS013 0.0641 0.0526 0 . 0 4 2 1  0.0242 0.0109 0.0028 
BCS045 0.0016 -0.0013 -0.0010 -0.0006 -0.0003 -0.0001 
BCS029 -0.0009 -0.0008 -0.0006 -0.0003 -0.0001 -0.0000 
BCS007 0.0038 0.0017 -0.0002 -0.0027 -0.0035 -0.0026 
BCS027 -0.0214 -0.0172 -0.0136 -0.0076 -0.0034 -0.0008 
BCS062 -0.0909 -0.0729 -0.0572 -0.0320 -0.0144 -0.0038 
BCS015 -0.0020 -0.0315 -0.0231 -0.0112 -0.0003 -0.0010 
BCS006 -1.0200 -0.5601 -0.3611 -0.1587 -0.0604 -0.0135 
BCS020 0.0161 0 . 0 1 3 1  0.0100 0.0059 0.0026 0.0007 
BCS010 0.6609 0.5742 0.4878 0 . 3 2 1 1  0.1748 0.0647 
BCS049 -0.1328 0.0315 0.1034 0.1345 0.0960 0.0348 
BCS044 0.0007 0.0006 0.0005 0.0003 0 . 0 0 0 1  0.0000 
BCS051 -0.4987 -0.3496 -0.2493 -0.1224 -0.0502 -0.0120 
BCS033 -0.0002 -0.0002 -0.0002 -0.0001 -0.0000 -0.0000 
BCS041 -0.0001 -0.0001 -0.0001 -0.0000 -0.0000 -0.0000 
BCS050 0.0007 0.0006 0.0004 0.0002 0 . 0 0 0 1  0.0000 
BCS066 0.1937 0 . 1 6 3 1  0.1337 0.0803 0.0376 0.0097 
BCS037 -0.7692 -0.4173 -0.2573 -0.1025 -0.0356 -0.0076 
BCS009 0.0643 0.0533 0.0428 0.0243 0.0102 0.0017 
BCS052 -0.3213 -0.0020 0.0660 0.1206 0.0875 0.0301 
BCS042 0.0017 0.0013 0.0010 0.0006 0.0002 0.0001 
BCS053 -0.0035 -0.0027 -0.0019 -0.0008 -0.0003 -0.0000 
BCS071 0.0218 0.0178 0 . 0 1 4 1  0.0079 0.0035 0.0008 
BCS039 -0.0010 -0.0008 -0.0006 -0.0003 -0.0002 -0.0000 
BCS063 -0.0032 -0.0026 -0.0020 -0.0012 -0.0005 -0.0001 
BCS030 -0.0001 -0.0001 -0.0000 -0.0000 -0.0000 -0.0000 
BCS058 0.1067 0.0883 0.0712 0.0415 0.0189 0.0048 
BCS065 0.0010 0.0008 0.0006 0.0003 0 . 0 0 0 1  0.0000 
BCS005 -0.0120 -0.0114 -0.0102 -0.0068 -0.0034 -0.0009 
BCS006 -0.0257 -0.0207 -0.0163 -0.0091 -0.0000 -0.0010 
BCS016 0.0080 0.0065 0 . 0 0 5 1  0.0028 0 . 0 0 1 1  0.0002 
BCS004 -0.0368 -0.0290 -0.0223 -0.0117 -0.0047 -0.0008 
BCS001 0.0626 0.0514 0 . 0 4 1 1  0.0236 0.0106 0.0027 
BCS070 0.0003 0 . 0 0 0 1  0.0000 -0.0001 -0.0000 -0.0000 
BCS019 0.0017 0.0013 0 . 0 0 1 1  0.0006 0.0003 0.0001 

Sum -1.7732 -0.5020 0.0004 0.3205 0.2694 0.1088 

Table 1 Lod scores for  each family, with disease status defined as any breast cancer 

Lod(O) 

Pedigree O: 0.000001 0.05 0.10 0.20 0.30 0.40 

BCS013 0.0641 0.0526 0 . 0 0 2 1  0,0242 0.0109 0.0028 
BCS062 -0.0909 -0.0729 -0.0572 -0.0320 -0.0144 -0.0038 
BCS006 -1.0200 -0.5601 -0.3611 -0.1587 -0.0600 -0.0135 
BCS020 0.0161 0 . 0 1 3 1  0.0100 0.0059 0.0026 0.0007 
BCS066 0.1937 0.1631 0. t 337 0.0803 0.0376 0.0097 
BCS037 -0.7692 -0.4173 -0.2572 -0.1025 -0.0356 -0.0076 
BCS010 0.8693 0.7709 0.6700 0.4672 0 . 2 7 3 1  0.1101 
BCS009 0.0643 0.0533 0.0028 0.0243 0.0102 0.0017 
BCS015 0.0025 -0.0023 -0.0051 -0.0065 -0.0044 -0.0015 
BCS052 -0.3213 -0.0020 0.0660 0.1206 0.0875 0.0301 
BCS053 -0.0035 -0.0027 -0.0019 -0.0008 -0.0003 -0.0000 
BCS071 0.0218 0.0178 0 . 0 1 4 1  0.0079 0.0035 0.0008 
BCS058 0.t067 0.0883 0.0712 0.0415 0.0189 0.0008 
BCS049 -1.1721 -0.2223 0.0765 0.2524 0.2036 0.0739 
BCS051 -0.8625 -0.5217 -0.3493 -0.1617 -0.0646 -0.0153 
BCS006 -0.0257 -0.0207 -0.0163 -0.0091 -0.0040 -0.0010 
BCS027 0.0190 0 . 0 1 2 1  0 . 0 0 7 1  0.0016 -0.0002 -0.0002 
BCS007 -0.0985 -0.0996 -0.0992 -0.0908 -0.0699 -0.0379 
BCS004 0.0531 0 . 0 0 3 1  0.0340 0.0192 0.0085 0.0022 
BCS063 0.1960 0.1649 0.1350 0.0809 0.0376 0.0095 
BCS039 -0.0009 -0.0007 -0.0005 -0.0003 -0.0001 -0.0000 
BCS002 0.4860 0.4026 0.3238 0.1855 0.0824 0.0200 
BCS033 0.0062 0 . 0 0 5 1  0.0040 0.0023 0.0010 0.0003 
BCS030 -0.0010 -0.0008 -0.0006 -0.0003 -0.0001 -0.0000 
BCS005 -0.1044 -0.0655 -0.0397 -0.0121 -0.0023 -0.0001 
BCS005 0.0694 0.0570 0.0056 0.0262 0.0118 0.0030 
BCS019 -0.0279 -0.0225 -0.0176 -0.0098 -0.0043 -0.0011 
BCS029 0.0709 0.0583 0.0067 0.0269 0.0122 0.0031 
BCS050 -0.0128 -0.0095 -0.0069 -0.0033 -0.0013 -0.0003 
BCS070 0.0000 0,0000 -0.0000 -0.0000 -0.0000 0.0000 
BCS001 -G.0701 -0.0559 -0.0436 -0.0240 -0.0105 -0.0026 
BCS004 -0.2732 -0.2156 -0.1669 -0.0919 -0.0015 -0.0117 
BCS001 0.1544 0.1287 0.1044 0.0614 0.0282 0.0072 
BCS016 -0.9316 -0.4545 -0.2702 -0.1017 -0.0317 -0.0043 
BCS065 -0.0011 -0.0007 -0.0004 -0.0001 -0.0000 -0.0000 

Sum -3.3929 -0.7563 0.1340 0.6226 0 . 4 8 4 1  0.1791 

Table 3 Values o f  mean age at diagnosis o f  cases and four variables used to 
define subgroups for  each family 

Age span at 
Mean age All cases diagnosis Pathology Proband 

Pedigree of cases a age <45 < 10 years diagnosis synchronous 

BCS0 i 3 30.0 Yes Yes Ductal only Yes 
BCS062 36.0 Yes No Ductal only No 
BCS046 36.4 Yes No Ductal only No 
BCS020 36.5 No No Missing No 
BCS066 39.0 Yes No Ductal only No 
BCS037 39.8 No No Ductal only Yes 
BCS010 40.3 No No Ductal only No 
BCS009 41.0 Yes Yes Ductal only No 
BCS015 41.0 No No Missing Yes 
BCS052 41.4 No Yes Discordant No 
BCS053 41.5 Yes Yes Ductal only No 
BCS071 41.5 Yes Yes Missing No 
BCS058 43.0 No No Ductal only Yes 
BSC009 43.5 No No Ductal only Yes 
BCS051 44.0 No No Missing No 
BCS006 45.0 No Yes Ductal only No 
BCS027 45.0 No No Discordant Yes 
BCS047 45.2 No No Ductal only No 
BCS044 46.5 No No Ductal only Yes 
BCS063 46.8 No No Missing Yes 
BCS039 47.0 No No Discordant No 
BCS042 47.3 No No Discordant No 
BCS033 47.7 No No Ductal only No 
BCS030 48.0 No No Mixed Yes 
BCS005 49.0 No No Discorcant Yes 
BCS045 49.0 No No Ductal only No 
BCS019 50.0 No Yes Ductal only No 
BCS029 50.0 No No Discordant No 
BCS050 50.0 No No Ductal only Yes 
BCS070 50.0 No No Missing Yes 
BCS001 51.3 No No Mixed Yes 
BCS004 52.8 No No Discordant No 
BCS041 53,0 No No Discordant No 
BCS016 57,0 No No Ductal only No 
BCS065 61.7 No No Missing No 

"Mean age of cases calculated using age at diagnosis with any form of breast cancer. 
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Table  4 Summed Iod scores for subgroups of families defined by age at diagnosis of cases in famil3, concordance of age at diagnosis, synchronicity, 
and pathologic diagnosis 

Subgroup 

Summed lod scores for all breast cancer Summed lod scores for premenopausal breast cancer 

O: 0.000001 0 .0500  0 .1000  0 .2000  0 .3000  0 .4000 0.000001 0 .0500  0 .1000  0 .2000  0 .3000  0.4000 

Age at diagnosis a 
All <45 -0.7705 -0.3489 -0.1876 -0.0548 -0.0128 -0.0023 -1.3302 -0.7468 -0.4747 -0.1993 -0.0745 -0.0188 
Some >44 -2.6224 -0.4074 0 .3216  0 .6774  0.4970 0. i 815 -0.4430 -0.2448 0 .4791 0 .5198  0 .3439  0.1276 

Concordance b 
< 10 years -0.2281 0 . 0 3 5 8  0 .1291 0 .1573  0 .1035  0 .0332 -0.6954 -0.2902 -0.1033 0 .0417  0 .0542  0.0201 
>10 years -3.1647 -0 .7921 0 .0049  0 .4653  0 .3807  0 .1459 -1.0777 -0 .2118  0 .1077  0 .2787  0 .2152  0.0888 

Synchronicity" 
<1 year -1.6881 -0.4126 0 .0129  0.2711 0 .2252  0 .0808 -0.7456 -0.2550 -0.0474 0 .0949  0 .0895  0.0347 
>1 year -1.7048 -0.3438 0.1211 0 .3515  0 .2589  0 .0984 -1.0276 -0.2470 0 .0518  0 .2255  0 .1799  0.0741 

Pathologic dx a 
Ductal only -2.7253 -0.6487 0 .0327  0 .4287  0 .3539  0 .1388 -0.9393 -0 .1015 0 .1930  0 .3232  0 .2316  0.0903 
Mixed -0.0712 -0.0567 -0.0442 -0.0243 -0.0106 -0.0026 0 . 0 6 2 6  0 .0513  0 .0411 0 .0236  0 .0106  0.0027 
Discordant 0.0306 0 .2779  0 .3408  0 .2918  0 .1662  0 .0487 -0.3918 -0.1000 0 .0197  0 .0944  0 .0760  0.0275 
Missing -0.6270 -0.3288 -0.1953 -0.0737 -0.0253 -0.0058 -0.5046 -0.3519 -0.2493 -0.1207 -0.0489 -0.0116 

"P = 0.62. 
hp = 0.81. 
" P = 0.86. 
,I p = 0.87 (all P values for diagnosis of all breast cancer). 

families presented in Tables 1 and 2 are ordered by mean age of  
diagnosis among cases in the family. 

Table 3 presents mean age at diagnosis plus four other variables 

used to explore possible sources of  heterogeneity: (a) all cases were 

<45  years of  age at time of  diagnosis v e r s u s  some cases > 4 5  years of 

age at time of diagnosis; (b) the difference between largest and small- 

est ages at diagnosis was <10 years v e r s u s  > 10 years; (c) all cases had 

ductal only v e r s u s  mixed v e r s u s  discordant pathology diagnosis, as 

defined previously; (d) primary breast cancers of the proband were 

diagnosed within a 1-year period (synchronous) v e r s u s  more than 1 
year apart (not synchronous). 

Summed  lod scores for subgroups defined by each of  these four 

variables are given in Table 4. For both diagnoses (all breast cancer, 

only premenopausal  breast cancer), these variables do not appear to 

define sources of  heterogeneity as judged by the separation of  lod 

score curves of subgroups. Nor did the predivided sample test of 

homogenei ty  (MTEST) provide evidence of  different values of  0 

between groups. See Table 4 for P values for the diagnosis of  all breast 
cancer. 

For the same diagnosis, the admixture test (HOMOG) rejected the 

hypothesis of no linkage (0 = 0.5) against the alternative of  linkage 

with homogenei ty  (0 < 0.5) (one-sided P = 0.045). HOMOG can be 

used to estimate the proportion of linked families, or. Including this 

additional parameter, we were unable to reject the hypothesis of  no 

linkage (0 = 0.5, c~ = 1.0) v e r s u s  linkage with heterogeneity (0 < 0.5, 

a < 1.0) (one-sided P = 0.119). There was insufficient evidence to 

reject the hypothesis of  linkage with homogenei ty  (et = 1.0) v e r s u s  

the alternative of linkage with heterogeneity (a  < 1.0) (one-sided 

P = 0.500). Under  the hypothesis of  linkage with homogeneity,  the 
approximate maximal likelihood estimation of 0 is 0.2 with an ac- 
companying lod score of  0.6226, as shown in Table 1. 

Discussion 

Our results provide significant evidence of  linkage and argue 

against tight linkage assuming homogeneity.  The admixture analysis 

showed that the hypothesis of  linkage with homogenei ty  fit these data 
better than the hypothesis of  linkage with heterogeneity, but there was 

inadequate power to distinguish between them with confidence. There 

are two possible explanations for this finding: (a) a susceptibility 

locus linked to D17S74 is involved in breast cancer etiology in a 

higher proportion of  families ascertained through premenopausal ,  bi- 

lateral probands than other forms of  familial breast cancer; or (b) there 

were inadequate numbers of  families in this study to detect two 

distributions (producing one group of  families linked and the other 

unlinked to D17S74). Linkage studies of  additional families ascer- 

tained through premenopausal,  bilateral cases should be performed to 

distinguish between these explanations. 

The variables we investigated in the predivided sample analysis did 

not appear to define heterogeneity. Of particular note is age at diag- 

nosis, which was reported to strongly define apparent heterogeneity in 

the analyses of  Hall e t  al .  (1). Since 30 of  our 35 families had a mean 

age of diagnosis less than or equal to 50 years, age at diagnosis may 

not define residual heterogeneity within this subset of  families char- 

acterized by relatively early onset of  breast cancer. The pathological 

characteristics we used to define subgroups were relatively crude. It is 

possible that more detailed pathological characteristics may define 

some heterogeneity. We are currently investigating this possibility, in 

addition to the possibility that environmental  covariates (gene-envi- 

ronment  interactions) and somatic cell events ( e . g . ,  mutations in 

H E R - 2 ,  prohibitin, p 5 3 )  may define heterogeneity between families or 

even between cases within a family. 
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