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Identica ll  or clustere d genes? 

Familiall cancers account for a small percentage of all cancer cases. 
Thee majority of cancers are sporadic, without obvious familial inheritance. 
Nevertheless,, the genetic predisposition, controlled by numerous 
susceptibilityy genes acting alone or in combination, contributes to a large 
proportionn of sporadic cancers (1, 2). Since these genes alone do not exert 
strongg phenotypic effects, they are difficult to detect in humans (7). However, 
strainss of mice or rats that differ in their tumor susceptibility have allowed the 
studyy of cancer as a complex genetic trait. This led to mapping of a number of 
cancerr susceptibility quantitative trait loci (QTLs) and their interactions (2). 

Ass susceptibility to each tumor type has been studied separately, it is 
unknownn whether these loci are specific for tumors in each organ, or whether 
theyy affect tumors in different organs. The large number of mouse 
susceptibilityy QTLs for colon (Sec, Susceptibility to colon cancer) (3, 4) and 
lungg (Slue, Susceptibility to lung cancer) (5) cancer (15 and 30, respectively) 
mappedd in our laboratory permitted us to analyze the possible relationship 
betweenn susceptibility loci for two cancer types. The colon and lung tumors 
weree induced by entirely different protocols, and in different mouse strains. 
Thee colon tumors were induced by 10-20 weekly subcutaneous injections of 
adultt mice with the carcinogen azoxymethane <AOM) or a combination of 1,2-
dimethylhydrazinee (DMH) and A/-ethyl-A/-nitrosourea (ENU) (3, 4), whereas a 
singlee intraperitoneal injection of pregnant females with ENU was used to 
inducee lung tumors in the progeny (5) (Fig. 1). The two types of cancer 
susceptibilityy QTLs were mapped using two different sets of recombinant 
congenicc (RC) strains, derived from four unrelated mouse strains (Fig. 1), as 
susceptibilityy for each tumor type was studied in those RC strain that 
appearedd to be most informative. The Sec loci were mapped in the CcS/Dem 
(BALB/c-c-STS)) series of RC strains (CcS-3, CcS-5, CcS-11 and CcS-19), 
derivedd from BALB/cHeA and STS/A. Each individual CcS-strain carries a 
randomm subset of approximately 12.5% of genes derived from the susceptible 
donorr strain STS/A and 87.5% of genes from the resistant background strain 
BALB/cHeA.. The Slue loci were mapped in the OcB/Dem (O20-C-B10.O20) 
seriess of RC strains (OcB-3, OcB-4, OcB-6, OcB-9 and OcB-16), derived from 
O20/AA and B10.O20/Dem. Each individual OcB-strain carries a random 
subsett of approximately 12.5% of genes derived from the resistant donor 
strainn B10.O20/Dem and 87.5% of genes from the susceptible background 
strainstrain O20/A. The donor strain derived segments are randomly distributed in 
thee RC strains and also between the RC strain series. 

Wee compared the location of 15 Sec loci (3, 4, Table 1) with the 
locationn of 30 Slue loci (5). The possibility of co-localization of colon and lung 
cancerr susceptibility QTLs could be tested for nine of the fifteen Sec loci, as 
theyy are located in donor strain derived genomic segments of the CcS-strains 
thatt overlap with the donor strain segments in OcB-strains tested for lung 
cancerr susceptibility. Unexpectedly, despite the differences in genetic 
backgroundss and induction protocols that were used to map the two types of 
cancerr susceptibility QTLs, all nine Sec loci map within 10 cM or less from a 
SlueSlue locus (P = 0.003) (6), and six of them map within less than 5 cM (Fig. 1). 
Thee detection of this co-mapping is probably due to sharp delineation of the 
overlappingg parts of donor strain segments, which established the location of 
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thee QTLs to shorter intervals than the wide mapping intervals usually obtained 
inn the whole genome crosses. 

Thiss highly significant co-mapping indicates that either identical genes 
orr clusters of related genes determine the susceptibility to the two distinct 
cancerr types. Possibly, a smaller number of cancer susceptibility QTLs than 
originallyy thought is interacting with a limited number of molecular pathways of 
cancerr development. Identification of the implicated susceptibility genes and 
theirr human homologues will add information about the development, biology, 
andd possibility of therapeutic interventions for a large proportion of cancers. 
Thee possibly smaller number of susceptibility genes or regions than previously 
expectedd may make this task considerably easier. 
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Fig.. 1 Colocalization of lung cancer (Slue) and colon cancer (Sec) susceptibility loci in the 
mouse.. Different groups of recombinant congenic strains and different tumor induction 
protocolss were used to detect the two types of cancer susceptibility QTLs. A schematic 
idiogramm of the segregating genomic segments with the location of Slue and Sec loci is 
presented.. Nine of the fifteen Sec loci were identified on genomic segments that were also 
testedd for lung cancer susceptibility. In spite of the differences in genetic backgrounds and 
tumorr induction methods each of these Sec loci map within 10 cM of a Slue locus (P = 0.003) 
(6).(6). The genomic segments containing Scc1/10, 4, 6, 7 and 13 were not tested for lung 
cancerr susceptibility, because they are not segregating in any of the OcB-strains tested. The 
genomicc segments containing Sluc16 and Sluc9 were also tested for colon cancer 
susceptibility,, but no Sec loci were detected. In the chromosomes blue (shaded plus non-
shaded)) indicates the total STS/A-strain segregating segments of all CcS-strains tested for 
colonn cancer susceptibility and orange (shaded plus non-shaded) indicates the total 
B10.O20/Dem-strainn segregating segments of all OcB-strains tested for lung cancer 
susceptibility.. The maximal segregating segments where Sec and Slue loci have actually 
beenn identified are indicated in non-shaded blue and non-shaded orange, respectively. See 
alsoo Web Table 1. 
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Tablee 1 Susceptibility to colon cancer loci and P values (4) 

Markers s 

Previou ss  Sec loc i confirme d in 
D2MÜ14 D2MÜ14 
D2MH156 D2MH156 

D17Mit96*D18Mit57 D17Mit96*D18Mit57 

Loci i 

curren tt  study 1. 
Scd Scd 
Scc2 Scc2 

Scc4*Scc5 Scc4*Scc5 
Novell  Sec loc i and thei r interactions 2. 

D1Mit208D1Mit20844*D4Mit11 *D4Mit11 
D2Mit14*D18Mit181 D2Mit14*D18Mit181 

D4Mit11*Sex D4Mit11*Sex 
D6Mit122*D10Mit75 D6Mit122*D10Mit75 
D7Mit67*D18Mit120 D7Mit67*D18Mit120 
D11Mit26*D18Mit120 D11Mit26*D18Mit120 

D2Mit14*D6Mit122 D2Mit14*D6Mit122 
D1Mit155*D7Nds4 D1Mit155*D7Nds4 

D10Mit75D10Mit75kkD17Mit123 D17Mit123 

Scc3*Scc11 Scc3*Scc11 
Scc1*Scc5 Scc1*Scc5 
ScdVSex ScdVSex 

Scc13*Scc14 Scc13*Scc14 
Scc12*Scc5 Scc12*Scc5 
Scc15*Scc5 Scc15*Scc5 
SecSec 1* Scd 3 
Scc3*Scc12 Scc3*Scc12 
Scc14*Scc4 Scc14*Scc4 

Chromosome e 

2 2 
2 2 

17*18 8 

1*4 4 
2*18 8 

4 4 
6*10 0 
7*18 8 
11*18 8 
2*6 6 
1*7 7 

10*17 7 

PP value 

<10"8 8 

1.9*10"5 5 

0.0074 4 

0.0007 7 
0.0005 5 
2.9*10"5 5 

0.0011 1 
0.0003 3 
0.0007 7 
0.0014 4 
0.003 3 
0.0053 3 

Corrected d 
PP value 

0.027 7 
0.02 2 

0.0022 2 
0.04 4 

0.013 3 
0.027 7 
0.0513 3 

0.103 3 

0.1673 3 

'Forr confirmation, a nominal P value of 0.01 should be required (7). dP values are corrected 
accordingg to Lander and Kruglyak (7). 3Suggestive linkage. 4Confirmation of Scc3. 

Webb Table 1 Overlap between the tested donor strain derived genomic 
segmentssegments in CcS- and OcB-strains and the Sec and Slue loci 

chr. . 

1 1 
1 1 
2 2 
2 2 
2 2 
3 3 

4 4 
4 4 
4 4 
5 5 
5 5 
6 6 
6 6 
6 6 
6 6 
7 7 
7 7 
7 7 
8 8 
8 8 
8 8 
10 0 
10 0 
11 1 
11 1 
16 6 
16 6 
18 8 
18 8 
18 8 
18 8 
19 9 

locuss in overlap 
(cMM position) 

none e 
Scc3(101.5) ) 
Scc2Scc2 (32) 

none e 
none e 

none e 
Scc11Scc11 (57.4) 

none e 
none e 
none e 
none e 
none e 
none e 
Scc12Scc12 (63.5) 

Scc8(4) Scc8(4) 

none e 
SCC14SCC14 (2) 
Scc9Scc9 (63) 

Scc15Scc15 (33.9) 
none e 

Scc5Scc5 (25) 
none e 
none e 

none e 

CcS-strains s 
tested d 

segments s 
32.8-41 1 

81.6-127 7 
5-41.4 4 

45-95.5 5 
6.7-11.2 2 
72.9-95 5 
20.8-40 0 

56.5-62.3 3 

34-44 4 
61-78 8 
0-20.5 5 

28-32.5 5 
42-61.4 4 
62.5-75 5 

8-74 4 

0-19.5 5 

41-67 7 
0-21 1 

49-77 7 
0-8 8 

20-40 0 
0-28.2 2 
33.8-38 8 

2-22 2 
24-26 6 
31-37 7 
42-47 7 
4.5-41 1 

segments s 
withh linkage 

100-127 7 
5-41.4 4 

56.5-62.3 3 

60-74 4 

0-16 6 

0-21 1 
62-77 7 

30-40 0 

5-26 6 

overla p p 

32.8-41 1 
81.6-127 7 

5-41.4 4 

69-95.5 5 
6.7-11.2 2 

20.8-40 0 
56.6-62.3 3 

64-78 8 
2.8-20.5 5 
42-48.7 7 

58.6-61.4 4 
67-75 5 
8-15 5 

28.7-74 4 

0-19.5 5 

53-67 7 
0-21 1 

51.5-77 7 

27.9-40 0 
0-27.6 6 

2-22 2 
24-26 6 
31-37 7 

4,5-41 1 

segments s 
withh linkage 

81.6-127 7 
5-42.7 7 
0-10 0 

0-62.3 3 
56.6-81 1 

2.8-16 6 

51.8-66 6 
28.7-74 4 
0-31.5 5 

2-36 6 
56-77 7 

27.9-40 0 

0-24 4 

OcB-strains s 
tested d 

segments s 
0-59 9 

81.6-127 7 
0-47.5 5 

69-114 4 
0-45.2 2 

49.7-66.2 2 
0-81 1 

64-92 2 
2.8-26.5 5 
36.5-48.7 7 
58.6-63.6 6 
67-75 5 
0-15 5 
28.7-74 4 

0-31.5 5 
33-41 1 
53-73 3 
0-36 6 

51.5-77 7 

27.9-40 0 
0-27.6 6 

47-57.8 8 
0-41 1 

49-60 0 
4.5-83 3 

locuss in overlap 
(cMM position) 

none e 
S/uc5(97.2) ) 
Stuc2Stuc2 (41) 
Sluc16Sluc16 (5) 
none e 
none e 

none e 
Sluc21Sluc21 (62.3) 
Sluc6Sluc6 (67) 

none e 
Slue?Slue? (6) 
none e 
none e 
none e 
none e 
Sluc19Sluc19 (63.5) 
Sluc8Sluc8 (72.4) 
Siuc20Siuc20 (10) 

Sluc9Sluc9 (59) 
Sluc29Sluc29 (4) 
Sluc22Sluc22 (61) 

Sluc4Sluc4 (40) 
none e 

Sluc14Sluc14 (20) 
none e 
none e 

none e 

Inn bold the overlapping genomic segments containing a Sec as well as a Slue locus. 
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