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Introduction 

The main risk factors associated with the development of breast cancer impHcate estradiol (E2) as a 
causative agent. The accepted hypothesis is that prolonged exposure to estrogen leads to persistent enhanced 
proliferation mediated through the binding of E2 to the estrogen receptor. However, E2 also undergoes 
cytochrome P450 (CYP)-mediated oxidative biotransformation to catechol metabolites, 2-hydroxy (2-OH) and 
4-hydroxy (4-OH) E2. 4-OH E2 in particular has been shown to cause/contribute to estrogen carcinogenesis 
through further oxidative metabolism to quinones that form adducts with adenine and guanine in DNA and 
cause oxidative DNA damage through participation in redox cycling processes^. These catechol estrogen 
metabolites are present in mouse mammary gland tissue at concentrations of pmoles/mg tissue. CEs are 
primarily inactivated by O-methylation catalyzed by catechol-0-methyltransferase (COMT)\ Inhibition of 
COMT enhanced E2-induced renal tumorigenesis in the Syrian hamster model' and DNA damage in human 
MCF-7 cells^, suggesting that COMT is highly protective against adverse effects caused by the catechol 
metabolites of E2. COMT is polymorphic in humans and several, but not all, epidemiology studies have 
observed that the genotype encoding a low activity COMT is associated with an increased risk for developing 
breast cancer in certain women'^. These observations implicate the catechol metabolites of E2 in breast cancer 
causation. Experimental investigation of the extent and mechanisms of contribution of the estrogen catechol 
metabolites would be greatly facilitated by the availability of an appropriate animal model. Mammary tumor 
incidence in intact estrogen receptor knockout (ERKO)AVnt-l female mice is 20%, whereas it is reduced to 8% 
in ovariectomized females (Richard Santen, University of Virginia, personal communication). These results 
demonstrate that in the absence of ER expression, estrogen still contributes to mammary tumor formation. The 
concept/hypothesis regarding the role of estrogen in these mice is that the catechol metabolites undergo 
oxidative biotransformation to quinones which then form DNA adducts directly, or oxidative DNA damage 
indirectly through redox cycling, and subsequently mutations, which contribute to mammary tumor formation. 
Since COMT is protective, the absence of COMT would be expected to increase the incidence and/or shorten 
the latency of tumorigenesis in the ERKOAVnt-1 mice. Thus, the purpose of the proposed research is to develop 
a catechol-o-methyltransferase knockout (COMTKO)-estrogen receptorAVnt-1 (ERKOAVnt-1) mouse model 
for use in studies on the role of estrogen catechol metabolites in mammary tumorigenesis. The scope of the 
project involves: 1) Through genetic crossing, introduce the COMTKO genotype into the ERKO/Wnt-1 mice; 
2) Initiate studies to determine the effects of the absence of COMT on estrogen catechol metabolite, 
glutathione-estrogen quinone adduct levels (which reflect oxidative metabolism of estrogen catechol to estrogen 
quinones), oxidative DNA damage levels, mammary gland development and tumorigenesis in the resulting 
COMTKO/ERKOAVnt-1 female mice. 

Body: 
Key Accomplishments: ERKOAVnt-1 mice were obtained after notification of award; COMTKO mice were 
on-hand. However, unanticipated difficulties were encountered. The COMTKO mice went through a period 
where their breeding stopped. Additional breeding pairs were obtained from the originator of the strain at 
Rockefeller University. These mice began breeding and at that point, the first aim could proceed, although we 
were already about 6 months behind given the time required to obtain additional breeding pairs, time in 
quarantine, and time for them to adapt and produce off-spring for the desired crosses. Because of these 
difficulties, a request was made and granted for the project to be extended to 20 August, 2005 without 
additional fiinds (see the Amendment of Solicitation/Modification of Contract document in the Appendix. 

The breeding scheme has been modified to be more efficient and is shown below. 
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ERKO|Wnt-l—COMT Interbreeding Project 

ER+/-|Wnt-16' X COMT-/- 9 ?hmstl 

0- 
Approx 1/8 of pups will have COWT+/-]ER+/-|Wnt-l genotype 

COMT+/-|ER+/-]Wnt-l tj x COMT+/-|ER+/-$      Phssell 
(taking care to avoid brother-sister inatings) 

^ <^ 
Approx 1/32 of pups will have Approx 1/16 of pups will have    9hms III 

COMT-/-lER-/-|Wnt-l genotype COMT-/-|ER+/-|Wnt-l genotype 

t ^ 
gQ^IJ COMT-/H ERt/-1 Wnt-1 (? x CdMT-/-| ER^/- $ 

(taking care to avoid brother-sister matings) 

All tumorigenesis studies will 
involve comparing latency (time 
to tumor formation) between 
ER-/-|Wnt-l females (controls) 
toCOMT-/-|ER-/-|Wnt-l 
females 

Approx 1/4 of pups will have 
COMT-/-|ER~/-| Wnt-1 genotype 

Figure 1: Breeding Scheme.   Plan for 
creating COAAT-/-tER-/-|Wnt-l mouse. 

Phase I Breeders 
Name Male genotype Female genotype 

BPA ER +/-|Wnt-1 ER +/+ICOMT-/- 
BPB ER+/-|Wnt-1 ER+/+ICOMT-/- 

The PCR methods for genotyping were estabUshed in the lab. This is complex in that it involves genotyping for 
three genes and since both the ERKOAVnt-1 and COMTKO mice were developed with the same selectable 
marker, neo, identification of the desired offspring is a bit more involved. 

We obtained 32 pups from the Phase I breeding that were used in Phase II. 

Phase II 

We cannot directly test whether the Phase II breeders are ER+/- or ER-/- and/or COMT +/- or COMT-/-. This 
is because the same neo marker is used in both the ER-/- and the COMT-/- mice. We can only tell from their 
offspring. Thus far two females have been bom of Phase II breeders that are negative for COMT, thus 
indicating that these parents in these breeding pairs are COMT+/-. The first 5 breeding pairs Usted below were 
bred on 9/8/04, and thus far all have produced at least one litter. The last 3 breeding pairs were bred on 10/7/04, 
and, as of 10/27/04, have not produced litters, but it is a bit too early, and we do not expect them to produce 
litter for another week or two. 
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Phase n Breeders 

Male genotype Female genotype 
neo Wnt ER COMT neo Wnt ER COMT 

+ + + + + + + (ER+/-) + 
+ + + + + + +(ER+/-) + 
+ + + + + + +(ER+/-) + 
+ + + + + + + - 
+ + + + + + + - 
+ + + + + - + + 
+ + + + + - + + 
+ + + + + - + + 

15 Phase II pups have now been weaned and are in the Phase III stage of the breeding plan which will produce 
the desired ERKOAVnt-1/COMTKO female mice. 

Phase III 
Several of the Phase II breeders have produced offspring, 2 of which were females negative for COMT. These 
two females have been bred to male offspring of Phases I and II, respectively. Their genotypes are shown 
below. If any of the offspring of these Phase III breeders are negative for ER^A© COMT, we will have 
reached the goal of obtaining a COMT -/-| ER -/-lWnt-1 mouse. The first Phase II breeders were put together 
on 10/27/04, so it will be a few weeks before we see pups. 

Phase m Breeders 
Male genotype Female genotype 

neo Wnt ER COMT neo Wnt ER COMT 
+ + + + + - + - 
+ + + + + - + - 

It is important to appreciate that the breeding is a continuous process, and that as the desired mice are obtained 
they are used in the studies proposed. 

Reportable Outcomes: None 

Conclusions: The primary goal of funding provided by this grant is to allow us to produce these mice, and this 
is now in full swing. 
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