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Abstract
Objective: Animals of the inbred BDII rat strain are genetically predisposed to endometrial
adenocarcinomas (EAC) and can be used to model human cancer. From our previous
studies, it was obvious that some chromosomes were selectively involved in EAC devel-
opment; one of them was rat chromosome (RNO) 15, in which there were often losses in
the short arm and gains in the long arm. Since cytogenetic events lead to allelic imbalance
and/or loss of heterozygosity (Al/LoH) in RNO15, it was subjected to a detailed analysis
with polymorphic microsatellite markers spanning the entire chromosome.

Materials and Methods: BDIl/Han females were crossed to males from two other inbred
rat strains known to have low incidence of EAC (BN/Han and SPRD-Cu3/Han). DNA ex-
tracted from F1, F2 and backcross offspring were used in this studies. Our final marker
panel consisted of 36 markers.

Results: The analysis showed that Al/LoH was common in EAC tumors and was concen-
trated to four well-defined regions along the chromosome. Two of these regions were close
to the distal end of the short arm; one region was in the middle of the chromosome, probably
spanning the centromere; and the fourth region was located distally in the long arm.
Conclusion: According to the Rat Genome Project (RGP), the number of genes in these regions
approached 300. According to a database search, about 80 of these genes could be considered
“cancer-related” and they were potential candidates to be targets for the observed chromosomal
aberrations. Among the cancer-related genes, there were Anxa7 (Region |), Bmp4, Lgals3, Cd-

kn3 (Region Il), Rb1, Ddx26, Clu, Bnip3, Nkx3.1 (Region lll), and Gpcb (Region 1V).
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Introduction

The BDII inbred rat is genetically predisposed to
develop endometrial cancer (EC) and can be used
to model human cancer. In some studies to clarify
the genetic factors behind cancer susceptibility
and tumor development in the rat models, crosses
between BDII rats and rats belonging to inbred
strains resistant to EC, including subsequent inter-
crosses and backcrosses, has been performed and
DNA from those animals and tumors are subjected
to molecular genetic analysis (1-6).

We have shown that there is a pattern of recurrent
chromosomal changes in developing tumors main-
ly involving six specific chromosomes (7). One of
these chomosomes was chromosome rat (RNO15),
in which losses were recorded in the short arm and/
or gains in the long arm. In order to characterize
these tumor-specific genetic aberrations in greater
detail, we have submitted a series of endometrial
adenocarcinoma (EAC) tumors to allelotyping

with polymorphic microsatellite markers covering
the entire length of RNO15.

Materials and Methods

Animal crosses, tumour samples and DNA ex-
traction for CGH

The BDII inbred rat strain is known to exhibit a herit-
able susceptibility to EAC (8, 9). BDII/Han females
were crossed to males from two other inbred rat
strains known to have low incidence of EAC (BN/
Han and SPRD-Cu3/Han). In order to generate F2
rats, the F1 animals were intercrossed. In addition,
backcross populations were generated by crossing
male F1 rats to female BDII rats. BDII strain de-
velopment and all the crosses are under permission
of Research Ethics Committee in Central Institute
for Laboratory Animals, Department of Pathology,
Hannover, Germany. The animals were palpated
regularly for signs of tumor formation. Total tumor
materials from both crosses were shown in table 1.
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Table 1: Total tumor material from both crosses

BN Cross SPRD Cross
F1 F2 BC Total F1 F2 BC Total Grand Total
Total animal 18 59 105 182 17 54 103 174 356
Animals without tumor 6 36 65 107 10 23 59 92 199
Animals with benign tumor 1 5 9 15 5 20 7 32 47
Animals with malignant tumor 11 18 31 60 2 11 37 50 110
Out of them EAC 10 11 26 47 2 9 28 43 90
Out of them early EAC 5 9 12 26 1 6 1323 49

When the presence of a tumor was in the size of a
pea, the animal was sacrificed, then a piece of the
tumor was subjected to cell culture and the other
segment was used for DNA extraction from solid
tumor. For the present study, materials of 45 tu-
mors were analyzed, all of which had been patho-
logically characterized as endometrial adenocar-
cinomas (EAC; Table 2). (DNAs from both solid
tumor materials (ST) and tissue cultures (TC) were
available from 30 of the tumors, whereas only ST
material was available from 11 tumors and TC ma-
terial from four tumors.

Source of polymorphic markers

Primer pair sequences for microsatellite markers
were obtained from available databases and syn-
thesized by Sigma-Genosys, Cambridge, UK. We
attempted to collect markers covering the entire
genome with a maximum distance between adja-
cent markers of less than 5 cm. The markers were
tested for polymorphism among the three inbred
rat strains (BDII, BN and SPRD). Polymerase
chain reaction (PCR) was carried out in 15 ul of
a solution containing 100 ng of template DNA,
0.2 mM dNTP, 1.5 mM MgCl, and 0.2 mM from
each primer containing 0.75 U Taq DNA polymer-
ase (Advanced Biotechnologies, Epsom, UK) and
x]1 PCR buffer (Advanced Biotechnologies). To
prevent evaporation, the reaction mixtures were
overlaid with 30 pl mineral oil. The amplification
was performed in 96-well microtiter plates on an
Omni Gene thermal cycler (Hybaid Ltd., Middle-
sex, UK), starting with 3mins denaturation step at
94°C, followed by 30 cycles of denaturing at 94°C
for 30secs, annealing at 55°C for 30secs, extension
at 72°C for Imin, and ending with a elongation
step for 7mins at 72°C. The PCR products were
separated on 4% Metaphor® agarose gel (BMA
products, Rocklands, ME) in 1x TAE buffer by
electrophoresis at 90V for 1-2hrs. Ethidium bro-
mide staining was performed to make the DNA
visible under UV light. The linkage map position
of each informative marker was obtained from the
integrated linkage maps in the RATMAP database,
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and the physical position was obtained from the
Rat Genome Project build 2.1 (via the Ensembl or
NCBI websites).

Allelic imbalance

For allelotyping, PCR was performed in 10 pl of
the same solution under the same PCR conditions
as the above, but with the forward primer labelled
with a fluorochrome (6FAM, TET or HEX, primers
purchased from Sigma-Genosys). Genomic DNA
isolated from tumor cells (ST and/or TC) and nor-
mal liver material of the same animal was used as
template. Based on differences in size and label,
the PCR products in groups of 4-6 markers were
pooled and the DNA was alcohol-precipitated. The
pooled and dried sample mix was redissolved in
10 pl distilled water, then 2.0 pl of the sample was
mixed with 2.1 pl formamide; 0.45 pl blue dextran
;and 0.45 pl Genescan-500TM ROX commercial
size standard (PE Applied Biosystems, Foster City,
CA), subsequently. The sample mix was denatured
at 96°C for 3mins and kept on ice, until 1.5ul of
sample was loaded in each lane on 5% denaturing
polyacrylamide gels (Long Ranger gel, BMA prod-
ucts). The gels were preheated to 51°C, then run in
x1 tris borate EDTA (TBE) buffer on an automated
ABI prism™, 377-96 collection Genescan instru-
ment (PE Applied Biosystem), for 2.5hrs under the
standard conditions recommended by the manufac-
turer. Microsatellite marker peak data were collect-
ed and analyzed with the Genescan and Genotyper
analysis software. Presence of allelic imbalance
was evaluated by calculating the allelic imbalance
ratio”, AIR=(T1/T2)/(N1/N2), where N1 and N2
are the peak heights for the curves representing al-
leles in normal tissue, and T1 and T2 are the cor-
responding peak heights for alleles in the tumor tis-
sue from the same animal. If AIR value was above
1.0, inverted value was used in order to give AIR
values between 0-1. PCR was carried out twice for
each marker and each PCR product was separated
twice on automated ABI prism™, 377-96 collection
Genescan (PE Applied Biosystem), yielding four
separate AIR values for each tumor.
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Table 2: The tumour material: RUT tumors derived from F1 or F2 intercross animals, NUT tumors derived from backcross
animals. "Age'' refers to the age of the animal when it was sacrificed

Backcross Tumour designation  Solid tumour (ST) Tumour culture (TC) Age Pathology

BN strain NUT9 + 543 EAC
NUT31 + + 640 EAC
RUT7 + + 662 EAC
NUT46 + + 666 EAC
NUT43 + + 670 EAC
RUT 25 + 670 EAC
NUTS52 + + 673 EAC
RUT 12 + + 677 EAC
RUT 30 + + 689 EAC
NUTS50 + + 702 EAC
NUTS51 + + 709 EAC
NUT76 + + 735 EAC
NUTS81 + + 738 EAC
NUTS2 + + 738 EAC
NUT98 + + 738 EAC
NUT99 + + 738 EAC
NUT100 + + 738 EAC
NUTI128 + + 748 EAC
NUT130 + + 748 EAC

SPRD strain NUT201 + 511 EAC
RUT2 + + 565 EAC
RUT3 + 591 EAC
RUT6 + 624 EAC
NUT24 + 638 EAC
NUT14 + 645 EAC
NUT17 + + 653 EAC
NUT 203 + 654 EAC
RUT 13 + + 662 EAC
NUT 20 + 666 EAC
RUT 16 + 685 EAC
NUT 12 + 688 EAC
NUT 59 + 692 EAC
NUT 35 + 704 EAC
NUT 47 + + 707 EAC
NUT 49 + 711 EAC
NUT 39 + 712 EAC
NUT 33 + 714 EAC
NUT 70 + 724 EAC
NUT 72 + 728 EAC
NUT 42 + + 738 EAC
NUT 202 + 741 EAC
NUT 29 + 745 EAC
NUT 55 + + 747 EAC
NUT 3 + + 780 EAC
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Results

Selection of microsatellite markers

Databases rat genome database (RGD) were con-
sulted for polymorphic microsatellite markers on
the entire length of RNO15. For unknown reasons,
there seems to be relatively few markers on this
chromosome compared to most other rat chromo-
somes (10), but we managed to collect 78 markers
mapping to RNO15. Each marker was tested for
performance under our PCR conditions. We were
unable to establish a large enough set of markers
that were informative in both crosses; we had to
complement these ideal markers with subsets that
were informative in only one of the crosses. Thus,
our final set consisted of 36 markers that were in-
formative in one or both of our crosses (Table 3).
As shown, coverage was reasonable across the
entire length of the chromosome with an average
spacing between markers of 4.0 Mb in the SPRD
and 4.5 Mb in the BN cross. Even so, there was a
segment with poor coverage in the middle of the
chromosome.

Allelotyping of 45 EAC tumors

Based on previous genome-wide scans, 45 EAC
tumors from animals were known to exhibit
heterozygosity in all or part of RNO15. Most of
the tumors were from back-cross animals (NUT
tumors, average BDII-derived genetic content
is 75% in these animals), but a few tumors
came from F1 or F2 animals (RUT tumors, av-
erage BDII-derived genetic content is 50%).
For most of the tumors, DNAs were available
from both solid tumor material (ST) and tumor
cell cultures (TC) except for a few only one or
the other form of DNA, was available as shown
in table 3. The average informative segment in
each tumor was about 72 Mb among the ST and
about 68 Mb in the TC. The total amount of in-
formative RNO15 segment analyzed was about
2946 Mb of DNA in 41 ST and about 2377 Mb
in 35 TC. The chromosomal distribution of
each informative segment is shown in Figure
1 together with the results of the allelotyping.
AIR values were calculated for each marker as
described and AIR<0.60 was considered to be
indicative of allelic imbalance (Al) at the mark-
er locus (Fig 1), whereas a double letter signi-
fied AIR<015.

The latter limit was arbitrarily selected to in-
dicate complete LOH at the marker locus. We
compiled the data based on two different ap-
proaches. In table 3, the frequency of tumors
exhibiting Al is shown for each marker locus,
whereas the curves in figure 2 represent the
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average AIR value at each marker point. Both
ways of treating the data give results that point
in the same direction: there is a distinct ten-
dency to non-random AI/LOH and the data set
clearly demonstrates that there are 4 regions of
recurrent Al along RNO15. It should be remem-
bered that a reduced AIR value may be caused
either by reduction or loss of one allele, or by
gain or amplification of the other. In the case of
RNO15, we know from Comparative genomic
hybridization (CGH) analysis that there is of-
ten losses in the short arm (RNO15p), whereas
gains are common in the long arm (RNO15q)
10. However, the actual situation in any par-
ticular case must be evaluated individually by
combining cytogenetic and other information.

Delineation of AI/LOH regions

Thus, 4 regions of recurrent Al in EAC tumors
are present in RNO15. The regions are positioned
along the entire length of the chromosome. Based
on the data in table 4 and figure 2, it is possible to
make rough estimations of the position and size of
these regions.

Thus, the first region encompasses four of the
polymorphic markers which is used and situ-
ated distally in the short chromosome arm. The
approximate position of this region can be esti-
mated to be at the distal tip of RNO15p from po-
sition 0 Mb to about 10 Mb. The second region
seems to be quite narrow and only includes a
single one of the used markers (D15Rat5). This
marker is located at 22.5 Mb and the region
of recurrent AI may comprise a small band in
the middle of RNO15p, maybe extending from
21 to 24Mb. The third region is located quite
close to the centromere and may in fact extends
from the proximal part of the short arm into
the proximal portion of the long arm. Unfor-
tunately, the exact position of the centromere
has not yet been determined; furthermore, the
coverage of polymorphic markers is poor in the
proximal part of the long arm. Consequently,
the extension and characteristics of this region
cannot be determined with any great exacti-
tude. Possibly, the region extends from about
position 40 Mb to about 60 Mb. What should
be noted is that, particularly in the BN cross,
some segments of the region may be involved
more often than others (see markers D15Wox9,
D15Wox8, D15Rat72, D15Ratl4 in Table 3).
The fourth region again seems to be quite nar-
row involving markers close to the position
100 Mb, but maybe extend from about 98 Mb
to about 104 Mb.
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Table 3: Microsatellite markers used for allelic imbalance analysis of RNO15 in EAC tumours

Marker Position Ensembl Informative Informative Informative
(cM) (Mb) BN cross SPRD cross Both crosses

1 D15Rat109 0 1.0 +

D15Rat129 0 1.6 +

2 D15Rat159 9 8.5 + +

3 D15Rat159 12 - +

4 D15Rat77 14 13.8 +

5 DI15Ratl10 21 14.1 +

6 D15Rat 54 19 14.5 +

7 D15Rat136 21 16.4 +

8 DI5Mit2 25 18.7 +

9 D15Mgh7 26 22.5 +

10 D15Rat5 26 21 24.6 + +

11 D15Rat130 20 25.1

12 D15Rat160 38 32.6 +

13 D15Rat83 35 37.3 +

14 D15Rat170 40 37.9 +

15 D15Rat141 34 384 +

16 D15Got34 38 384 +

17 D15Arb1 38 45 43.8 +

18 D15Rat13 45 - +

19 D15Mit7 45 44 454 + +

20 D15Wox9 44 454 +

21 D15Wox8 54 45.6 + +

22 D15Rat72 48 45.9 +

23 D15Rat14 60 72.3

24 D15Rat21 60 72.9

25 D15Rat47 62 80.4 + +

26 D15Mgh8 67 83.4 + +

27 D15Mgh4 68 84.1

28 D15Rat40 71 84.9 + +

29 D15Rat166 70 89.6

30 D15Mgh9 73 91.6

31 D15Got82 75 96.4

32 D15Got84 79 100.0 +

33 D15Rat26 81 100.7 + +

34 D15Rat25 81 100.8

35 D15Ratl55 87 10.4 + +

36 D15Rat29 87 10.8 + +
Total length RNO15 87 109.8
No. of markers 36 36 24 27 15
Average distance (cM) 2.4 -- 3.2 3.1 5.2
Average distance (Mb)  -- 2.9 4.5 4.0 7.2
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Table 4: Frequency of AI/LOH (AIR<0.60) in EAC tumors at polymorphic markersa-
long RNOIS5. Data clearly show four regions of elevated AI/LOH frequency
(grey background color)

Marker Percent of tumours exhibiting allelic
imbalance at marker

Position SPRD cross BN cross

No. Marker cM Mb ST TC ST TC Average
1 D15Rat109 0 1.0 50 50 - - 50
2 D15Rat129 0 1.6 50 60 = = 55
3 D15Rat159 9 8.5 56 60 64 79 65
4 D15Rat77 12 - 56 50 64 86 64
6 D15Ratl10 14 13.8 13 22 14 21 18
7 DI15Rat54 21 14.1 13 22 - - 18
8 DI15Ratl36 19 145 - - 14 14 14
5 D15Mit2 21 164 - - 21 21 21
9 D15Mgh7 25 18.7 - - 13 20 17
10 D15Rat5 26 225 68 62 62 85 69
11 DI15Rat130 21 246 22 23 - - 23
12 DI5Ratl60 20 25.1 22 15 - - 19
13 D15Rat83 38 326 - - 15 23 19
14 D15Ratl70 35 373 56 64 - = 60
15 DI15Ratl41 40 379 33 43 46 58 45
16 D15AGot34 34 384 50 36 46 58 48
17 D15RArbl 38 384 67 64 46 58 59
18 D15Rat13 45 438 50 43 - - 46
19 D15Mit7 45 - 50 43 54 75 55
20 D15Wox9 44 454 59 62 85 92 74
21 D15Wox8 44 454 53 62 - - 57
22 D15Rat72 54 456 71 62 85 92 77
23 D15Rat14 48 459 71 54 77 92 73
24 D15Rat21 60 723 - - 8 25 17
25 D15Rat47 60 73.0 14 11 - - 13
26 D15Mgh8 62 804 15 13 15 23 17
27 D15Mgh4 67 834 - - 14 21 18
28 D15Rat40 68 841 8 13 14 21 14
29 DI5Ratl66 71 849 8 13 - - 10
30 D15Mgh9 70 896 - - 15 23 19
31 D15Got82 73 916 - - 8 23 15
32 D15Got84 75 964 15 0 - - 8
33 D15Rat26 79  100.0 54 100 69 69 73
34 D15Rat25 81 100.7 54 100 - - 77
35 D15Ratl55 81 100.8 - - 77 69 73
36 D15Rat29 87 1084 8 50 0 38 24
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Fig 1: Diagrammatical representations of findings of AI/LoH in 45 EAC tumors from crosses involving susceptible BDII rats
and non-susceptible (4) SPRD and (B) BN rats. Designations for the RNOI15 microsatellite markers used are shown on the
left, along with marker positions in cM (centimorgan) and Mb. Bars represent the extent of informative (heterozygous) RNO15
regions (grey bars = ST; white bars = TC) and letters inside bars indicated degree of AL. Two letters indicate AIR<0.15, one letter
0.155AIR<0.60, no marking AIR>0.60, dash (-) uninformative or no data (B or BB = BDII allele dominating, N or NN = BN
allele dominating, S or SS = SPRD allele dominating).
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Fig 2: Curves representing the average AIR value at each marker along the
length of RNOI15. Grey curves: average AIR values from solid tumor (ST)
DNA, Black curves: average AIR values from tumor tissue culture (TC) DNA.
EAC tumors from (A) SPRD and (B) BN crosses. Approximate physical posi-
tions of markers can be estimated on the RNO15 ideogram at the bottom.

Table 5: The number of genes in the four regions of recurrent AI on RNO15

Region Approx borders Total genes » Known genes ? Cancer-related genes ¥
1 0-10 Mb 89 35 12

il 21-24 Mb 37 18 9

III 40-55 Mb 139 86 54

v 98-104 Mb 22 10 5

) Data taken from the Rat Genome Project build 2.1
2 Data collected using comparative mapping between rat, mouse and human as described

3 Data collected from the following databases:

http://caroll.vjf.cnrs.fi/cancergene/Aonco_consult.html
http://www.infobiogen.fr/services/chromcancer/Indexbyalpha/idxa_A.html

Genes in the regions of recurrent AI

The approximate number of genes in each region
can be obtained from the Ensembl or NCBI data-
bases (Table 5).

Presently, the situation with respect to assigning
function to the rat genes is unsatisfactory. For most
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genes that are defined their specific positions in
the rat draft sequence, there is only one locus des-
ignation but no defined biochemical or functional
assignment. Recently, in the Ensembl database,
putative genes have been subjected to cross-spe-
cies comparison with respect to sequence similar-
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ity and those generating a “unique best reciprocal UBRH hypothesis is possible, in addition, we have
hit (UBRH)” 3 which have been predicted to be checked whether the position of the predicted or-
the true ortholog. For putative genes in the re- tholog is situated inside segments of conserved or-
gions of recurrent Al, we have determined whether thology in rat, mouse and human (Fig 3).
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Fig 3: RNO15 comparative mapping. On the left the Mb positions along the 109 mB of RNO15 are indicated, and the homolo-
gous segments in the mouse (center) and human (right) are shown. Note that, in essence, the entire gene content of RNO15
seems to be conserved in two mouse chromosomal segments (both located on MMU14), whereas there are (at least) 14 separate
homologos segments in humans (two in HSA3, one on HSA6, two on HSAS, one on HSA10, six on HSA13, two on HSA14). The
homology data were taken into account for the identification and annotation of the genes on RNOIS5 as described in the text. On
the far right, the positions of the regions of recurrent Al in rat EACs have been indicated (red bars).
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If both criteria were fulfilled, we have assumed
that the gene locus represents the true ortholog and
changed the locus designation, accordingly. As a
consequence of this analysis, a sizable subset of
the putative genes in the regions of recurrent Al
could be elevated to a known gene status (Table
5). We have checked these known genes against
several databases containing cancer-related genes,
as shown in table 5; a subset of the known genes
are found to be listed as cancer-related genes and
could be considered as the targets in the recurrent
Al regions. These genes have been written in bold
type in the Appendix. In addition, any gene with
unknown function situated within the regions must
be considered as potential candidates.

Discussion

The CGH findings in rat EAC tumors distinctly
showed that RNO15 was often involved in chro-
mosomal aberrations. It appeared that deletions
were common in the short arm whereas addition
were common in the long arm (2, 7). CGH is a
method with many advantages; the most impor-
tant of them is that entire spectrum of chromo-
some aberrations leading to copy number change
in a tumor can be evaluated in a single experi-
ment. However, the method also has some limita-
tions, particularly with respect to sensitivity and
resolution (11). Thus, only copy number changes
at a gross chromosomal level can be detected by
CGH analysis. Allelotyping analysis has potential
to detect changes in small chromosome regions,
consequently this method can be useful for veri-
fying aberrations indicated from the CGH analy-
sis and elucidating their molecular details. Fur-
thermore, allelotyping analysis can be much more
sensitive than CGH in detecting subtle changes
on the molecular level, since resolution can be
further improved by adding new polymorphic
markers in the region by adding new polymorphic
markers in the region. A drawback with alleltyp-
ing analysis is restricted to chromosome segments
that are informative (heterozygous).

In the present study, a set of 36 microsatellite
markers covering the entire length of RNOI15
were used to assess Al along the chromosome.
Existing Al was evaluated using two different
approaches: For each marker (12) the frequency
of tumors exhibiting AIR values of less than 0.6
was determined, and (1) the average AIR value
across all tumors was calculated (Table 4 and Fig
2). Obviously, the two calculations are not inde-
pendent, but they both pointed in the same direc-
tion: there are four well separated chromosome
regions in RNO15 affected by Al interspaced siz-
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able segments with little or no Al. Furthermore,
the analysis clearly showed that the patterns were
very similar when DNA from ST and TC were
compared or when DNA from tumor sets derived
from the two different crosses was compared.
Two of the regions appeared to be quite narrow
(regions II and V), whereas region I and (in par-
ticular) region III were less distinctly defined.
Adding to the difficulties in fully characterizing
region I was (a) that it contains the centromeric
heterochromatic segment and (b) that we were
unable to find informative markers defining one
of the borders of the region (see Table 3; gap be-
tween markers No. 23 and 24).

A greatly reduced AIR value is usually interpret-
ed as complete LOH (AIR values below 0.15 are
shown as a double letter Fig 2) and would then
mean that one allele is completely absent due to
loss, deletion, or somatic crossing-over. Howev-
er, a very low AIR value could also be obtained
if an allele is highly amplified and completely
overshadows the other allele. More moderately,
reduced AIR values are even more difficult to in-
terpret. One possibility is that a subpopulation of
the tumor cells exhibit complete LOH and that
other cells (infiltrating normal cells or a deviat-
ing subpopulation of tumor cells) have no Al.
Another possibility is that there is not complete
LOH. For instance, if a chromosome segment
is duplicated leading to trisomy, the theoretical
AIR value is 0.66, quite close to our cut-off limit
of AIR<0.6. In any case, whenever one allele is
dominance; it should be kept in mind that this
could be caused by either an increase of this al-
lele or a true reduction of the other allele or a
combination of both. This is of practical impor-
tance for the interpretation, since if there is loss/
reduction of an allele; one might speculate that it
is linked to a growth-inhibiting tumor suppressor
gene, which is eliminated, whereas increase/gain
of an allele may be an indication that the locus is
linked to a growth-stimulating oncogene, which
is amplified.

In an allelotyping study, it is determined from
which one of the parental strains of the dominat-
ing allele is derived at a locus exhibiting Al If
the dominating allele is more often derived from
one of the strains, this may be an indication of
linkage to a strain-specific predisposing cancer-
related gene.

In the backcross tumor material studied, we found
a distinct difference between the two crosses in
Al allele preferences (Fig 1).

Looking at the BN cross, it is clear that when Al
occurs in RNO15; the BN-derived allele seems



to be preferentially retained in all four regions
(BN allele dominating: Region 1=78%, Region
11=100%, Region 111=82%, Region IV=74%). In
contrast, in the SPRD cross, there was no clear cut
strain preference of the allele retained. In fact, the
values are close to 50% in all four regions (SPRD
allele dominating: Region [=38%, Region [1=64%,
Region I1I=59%, Region 1V=29%). These find-
ings emphasize the importance of differences in
the genetic make-up for the paths taken in tumor
development. Studies have shown that there are
significant differences in which susceptibility
genes are active in these different crosses (4, 5).
One finding which may be of particular signifi-
cance is that dominating allele in different seg-
ments of the chromosome is derived from differ-
ent parents that it is quite common among these
tumors (see Fig 1). This is probably a reflection
of the fact that RNO15 appears to be particularly
prone to breakage and unbalanced translocations/
deletions as detected by cytogenetic studies (13).
The involvement of RNO15 in chromosome ab-
errations during EAC development appears to be
very dynamic.

At the present stage, one can speculate about the
reason for the selective involvement of the four
RNOI15 regions. As shown in Table 4, quite a few
genes known to be cancer-related are located in
these regions (particularly true for the large Re-
gion III). Furthermore, it is quite possible that
the target genes are to be found among the genes
to which no function has yet been assigned. It is
known that RNO15 is homologous to segments
of human chromosomes (HSA) 10q, 6p, 3p, 14q,
8p, and 13q (Fig 3). Most of these chromosome
segments are known to exhibit LOH in human en-
dometrial cancer (2, 14-18) and in other human
cancers (18, 19). Example of a cancer-related
gene situated in Region I is Anxa7, whose human
counterpart ANXA7 (annexin A7) is located in
10921, a chromosome band thought to harbor a
suppressor gene associated with prostate cancer
as well as other tumor types (20). This is not far
from the position where a tumor suppressor gene
in endometrial cancer has been localized (not yet
characterized at HSA10q25; (16). Among can-
cer-associated genes in Region II is Bmp4 (bone
morphogenic protein 4). The human homolog of
this gene is known to be involved in poorly dif-
ferentiated gastric cancer cell lines (21) as well as
in bone and soft-tissue sarcomas (22), and has an
important role in differentiation and tumor sup-
pression in human cancer cells (23, 24). Lgals3
(lectin, galactoside-binding, soluble, 3), whose
human homolog is known to be involved in en-

Hamta and Talebbeigy

dometrial cancer (25), breast cancer (26), color-
ectal cancer progression and metastasis (27), is
another cancer-associated gene. Another impor-
tant gene in Region II is Cdkn3 (cyclin-depend-
ent kinase inhibitor 3) which is involved in multi-
ple-step hepatocarcinogenesis (28), human breast
and prostate cancer (29).

The main part of Region III corresponds to
HSAS8p21 and part of HSA13q14.2. The latter
chromosome segment contains the important
RBI1 tumor suppressor gene that is involved in
cell cycle regulation (30). RB1 has been shown
to play an important role in endometrial carcino-
genesis in humans (31). However, LOH, which
is located separately but adjacent to RB1 without
reduction of RB1 expression, has been also been
appeared in various sporadic cancers including:
carcinomas of the head and neck, breast, ovary,
prostate and other sites, suggesting the presence
of a tumor suppressor gene. Thus, (32) identified
a candidate tumor suppressor gene which they
designated DICEI (for deletion in cancer 1, the
official symbol is DDX26 for DEAD/H, Asp-
Glu-Ala-Asp/His, box polypeptide 26) in the
critical LOH region at HSA13q14.12-q14.2. In
Region III, there are many other cancer-related
genes that may be targets, e g Tnfrsf19 (tumor
necrosis factor receptor superfamily, member
19), whose human homolog (at HSA13q12) is
known to be involved in apoptosis control (33).
In the segment of Region III corresponding to
HSA8p21, there are also numerous cancer-relat-
ed loci known to be frequently engaged in LOH.
One is Bnip3/ (BCL2/adenovirus E1B 19kDa in-
teracting protein 3-like), whose gene product in-
teracts with anti-apoptotic proteins (34-37) and
another is Nkx3.1 (NK3 transcription factor re-
lated, locus 1, Drosophila) for which the human
homolog shows involvement in prostate tumori-
genesis (38-40). Another gene in the region is
clusterin (Clu) that exhibits elevated expression
in human and murine intestinal neoplasia (41).
Thus, there are numerous candidates in the large
Region III. In contrast, quite few candidate genes
were found in the small Region I'V. This segment
corresponds to distal HSA13q, a region of par-
ticular interest, because frequent copy number
gains are common in certain human malignan-
cies (42, 43). Genomic alterations including am-
plifications have also been implicated in certain
types of human cancers including lung cancers
and squamous cell carcinoma of the head and
neck (44, 45). It also attempted to characterize
a common region of amplification in 13q21-22
by FISH in order to explore what genes might
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be targets for the amplification events. Even
though, the region they defined was relatively
large, (about 4 Mb) they only found a single true
gene in the region. However, this gene (GPC5,
glypican 5) was over expressed in lymphoma
lines with HSA13q amplification. Since we have
found that copy number increases are common in
the distal part of RNO15q, the rat Gpc5 homolog
may be considered a target candidate in Region
IV of our EAC tumors. Another possible target
could be the Dct (dopachrome tautomerase) gene,
which is known to be involved in melanoma (46,
47) and in malignant gliomas (48).

Conclusion

CGH analysis showed that RNO15 is frequently
affected by copy number changes in rat EAC
tumors. Allelotype analysis provided the means
to scrutinize the chromosome on the molecular
level, and we could conclude that there are four
distinct regions in RNO15 that exhibit elevated
levels of Al. These findings suggest that several
genes important in rat EAC development are lo-
cated in these regions. Further research is needed
to identify these genes, but the human homologs
are likely to be important in human cancer, since
the corresponding homologous chromosome re-
gions have been shown to be involved in aber-
ration in human EAC and/or in other types of
human malignancies.
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