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The DRH is an inbred rat strain established by selective mating of the
3′′′′-Me-DAB resistant progeny of closed colony Donryu rats over 20
generations. Genetic analysis shows that two semidominant QTLs,
Drh1 and Drh2, are responsible for strong resistance to chemical-
induced hepatocarcinogenesis in DRH strain rats. To evaluate
the effect of the single Drh1 locus on various stages of liver
carcinogenesis, we constructed a speed congenic strain DRH.F344-
Drh1 by transferring a susceptible Drh1 allele of F344 to DRH rats by
marker-assisted backcrossing. The DRH.F344-Drh1 rats had a ∼∼∼∼43 cM
segment of chromosome 1 bearing Drh1 but the Drh2 was of the
DRH allele. After oral administration of 3′′′′-Me-DAB for 8 weeks,
DRH.F344-Drh1 had as many enzyme altered foci as F344, whereas
the quantitative parameters of fibrosis, enzyme altered foci, GST-P
expression and proliferation of liver cells in DRH.F344-Drh1 rats were
intermediate between F344 and DRH. In the liver of carcinogen-fed
DRH rats, there was intensive apoptosis as detected by TUNEL stain,
but not in the liver of F344 and DRH.F344-Drh1 rats. Injection of lead
nitrate (100 µµµµmol/kgB.W) induced a wave of liver cell proliferation,
as seen by BrdU uptake within a few days in F344 and DRH.F344-
Drh1 rats, but not in DRH rats. Instead, there were numerous
TUNEL-positive nuclei in the DRH liver after lead nitrate injection.
Apparently, the hepatocytes were removed by apoptosis during
transition from G0 to G1. The major role of Drh1 is effective removal
of the hepatocytes newly recruited to proliferate after chemical
injury. Resistance to preneoplastic lesions in DRH rats may well be
based on similar mechanism. (Cancer Sci 2005; 96: 164–169)

Chemical-induced hepatocarcinogenesis in rats occurs in the
multistep process, each of which is under regulation of a

number of host genetic and epigenetic factors.(1,2) The adminis-
tration of a hepatocarcinogen to rats leads to the development
of enzyme-altered foci (EAF) of liver cells intensely expressing
phase II enzymes, such as glutathione S-transferase placental
form (GST-P) or γ-glutamyltranspeptidase (GGT-P)(3,4) within
4–6 weeks. The subsequent step is the promotion of the
initiated cells within the EAF foci, which are subjected to further
mutational events. New clones with more malignant phenotypes
emerge during the progression step to give rise to hepatocellular
carcinomas (HCC). However, EAF may also undergo the
remodeling pathway(5,6) either by reversion or apoptotic death.
To dissect such polygenic traits of chemical hepato-carcinogenesis
it is indispensable to study appropriate animal models.

The inbred rat strain DRH offers a useful experimental model
to elucidate the genetic susceptibility and resistance to chemical-
induced liver carcinomas.(7–9) This strain is established by inbreeding
closed colony Donryu rats for more than 20 generations under
continuous feeding of a diet containing 3′-methyl-4-dimethyl-
aminoazobenzene (3′-Me-DAB) and by selecting for reduced
HCC induction during inbreeding for more than 10 years. DRH
rats are highly resistant not only to 3′-Me-DAB and its deriva-

tives, but also to other structurally different hepatocarcinogens
such as 2-acetylaminofluorene, and N-nitrosodimethylamine.(10)

Moreover, DRH rats are resistant to mammary cancers induced
by 7,12-dimethybenz(a)anthracene,(10) which is metabolically
activated by the mechanism different from aminoazo carcino-
gens. In our previous study, analyzing (F344 × DRH)F2 rats fed
3′-Me-DAB, two resistant quantitative trait loci (QTLs), Drh1
and Drh2, were mapped on rat chromosome 1 (RNO1) and
RNO4,(11,12) both loci yield resistance to EAF formation at
preneoplastic stage (% variance of phenotype explained 18% and
16%, respectively),(11) and Drh2 suppresses their progression.(12)

The complex genetic trait is, however, a hazard to understand
the functional role of an individual locus. In the present study,
to evaluate the contribution of Drh1 to resistance to preneoplastic
lesions, we constructed a speed congenic strain DRH.F344-Drh1,
namely, DRH rats introgressed an F344 RNO1 segment bearing
Drh1 by marker-assisted backcrossing. Subsequently, we
examined the quantitative parameters of earlier stage of 3′-Me-
DAB induced hepatocarcinogenesis, such as liver fibrosis,
EAF formation, GST-P induction, proliferation of liver cells,
and apoptosis in the age-matched congenic and parental rats. In
addition, proliferative activity induced after a single injection
of lead nitrate was studied. The effective apoptotic removal of
the hepatocytes newly recruited to proliferation after chemical
injury is a likely mechanism of resistance by Drh1.

Materials and Methods

Construction of speed congenic strain rats. All animal experi-
ments were approved by the Ethical Committee for Animal
Experiments and carried out under the Guidelines for Animal
Experiments of Kyoto University.

Inbred DRH and F344 rats were purchased from SEAC
Yoshitomi Co. (Fukuoka, Japan). The animals were housed indi-
vidually in suspended wire-bottomed cages in a room with con-
stant temperature and humidity with a 12-h light-dark cycle and
allowed free access to food and water. The speed congenic strain
was developed by a marker-assisted selection method.(14) A
(DRH × F344)F1 male was mated with DRH female rats to pro-
duce the progenies and a male heterozygous at F344-derived
Drh1 segment and homozygous at DRH-derived Drh2 segment
was selected out of 16 N2 pups as described later. Therefore, the
males selected in every generation were successively backcrossed
to DRH females until N6 generations, at which time Drh1
heterozygous brother and sister siblings were intercrossed, and
among their progeny, homozygous pairs were selected for sub-
sequent inbreeding. The speed congenic strain was designated
as DRH.F344-Drh1 according to the nomenclature suggested by
Mouse Genome Informatics (2004). In the present study, the
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DRH.F344-Drh1 rats were at the fourth to fifth generation after
resuming inbreeding. We also attempted to generate a reverse
speed congenic strain F344.DRH-Drh1, but they were accidentally
lost during backcrossing. DRH and DRH.F344-Drh1 rats have
been deposited in the National Bio Resource Project (http://
www.anim.med.kyoto-u.ac.jp/nbr/home.htm) in Kyoto University.

Genotype analysis. A 1-cm long tail was sampled from each
rat at 4 weeks of age and genomic DNA was extracted. All
primers for PCR-based microsatellite analysis were purchased
from Research Genetics, Inc. (Huntsville, AL, USA). Polymorphic
microsatellite markers between DRH and F344 used in this
study were for RNO1, D1Mgh2, D1Mit9, D1Wox6, D1Mgh8,
D1Rat50, D1Rat47, D1Got155, D1Got157, D1Rat51, D1Got156,
D1Rat54, D1Rat139, D1Rat114, D1Got193, D1Rat112, D1Rat70,
D1Wox10, D1Rat73, D1Rat75, D1Mgh12, D1Wox25, D1Mit9,
D1Wox11, and D1Wox21; for RNO2, D2Mgh14, D2Mit15,
and D2Mit14; for RNO3, D3Mit9, D3Mit13, D3Mgh2, and
D3Mgh16; for RNO4, D4Mgh2, D4Mgh6, D4Mgh13, D4Rat51,
D4Rat34, D4Rat38, and D4Rat48; for RNO5, D5Mgh5, D5Mit12,
and D5Mgh14; for RNO6, D6Mgh5, D6Mit12, and D6Mgh3;
for RNO7, D7Mit4, D7Mit28, and D7Mit11; for RNO8, D8Mgh11,
D8Mgh3, and D8Mit6; for RNO9, D9Rat135, D9Mit3, and
D9Bro1; for RNO10, D10Mit5, D10Mgh6, and D10Mit1; for
RNO11, D11Mgh2, and D11Mit2; for RNO12, D12Mgh2, and
D12Mit5; for RNO13, D13Mgh2, and D13Mit4; for RNO14,
D14Mit1; for RNO15, D15Mgh7; for RNO16, D16Mgh5, and
D16Mit2; for RNO17, D17Mgh5, D17Mit2, and D17Mit5; for
RNO18, D18Mit8, and D18Mgh7; for RNO19, D19Mgh8; for
RNO20; D20Rat1, and D20Mit1. Genotype screening was done
very densely for RNO1 and RNO4. For other chromosomes,
average and maximal distances between markers were 30.2 cM
and 55.2 cM. Theoretically, the percentage DRH/F344 segments
was < 1%.(14)

For routine screening of Drh1, D1Mgh12, D1Wox10, and
D1Mgh8 were used, and for Drh2, D4Rat34, D4Rat38, and
D4Rat48.(11) The method for PCR and agarose electrophoresis of
PCR products was described previously.(13)

Induction of preneoplastic lesion. 3′-Me-DAB was purchased from
Tokyo Kasei Kogyo Co. (Tokyo, Japan). To induce preneoplastic
lesions, 4-week-old male rats were allowed free access to water
and rat pellets containing 0.06% 3′-Me-DAB. All rats were killed
after 8 weeks or noted as otherwise under ether anesthesia, and
a full postmortem examination was carried out.

Immunohistochemistry. The standard Catalyzed Signal Ampli-
fication System (DAKO, Carpinteria, CA, USA) was employed
in immunohistochemistry as described by Miyagawa-Hayashino
et al.(15) Liver tissues were fixed in 4% paraformaldehyde and
paraffin embedded by standard techniques. After deparaffinization,
the sections were treated with 3% hydrogen peroxide and
protein blocking solution. For GST-P, 1 : 1000 diluted rabbit
anti-GST-P antibody (MBL Co. Ltd, Nagoya, Japan) and biotin-
labeled antirabbit IgG as the second antibody were used. The
foci of GST-P-positive cells > 0.2 mm diameter were counted as
EAF. For CyclinD1 or PCNA, 1 : 100 diluted mouse monoclonal
anti-CyclinD1 (DAKO) or anti-PCNA antibody (DAKO), and biotin-
labeled antimouse IgG were used. Subsequently the sections
were treated with avidin-biotin-peroxidase complex (DAKO).
The positive staining of peroxidase binding was visualized by
the diaminobenzidine method. TUNEL (TdT-mediated dUTP
nick end labeling) stain was performed with Apoptosis in situ
Detection Kit (WAKO, Osaka, Japan). De-paraffinized liver sections
were treated with proteinase K (DAKO), and hybridized with
TdT solution and peroxidase-conjugated antibody according
to the kit protocol. For single stranded DNA (ssDNA), 1 : 200
diluted polyclonal rabbit antissDNA antibody (DAKO) and
biotin-labeled antirabbit IgG were used.

BrdU uptake. Temporary liver regeneration was studied by
injecting 4-week-old male rats i.p. with lead nitrate (100 µmol/kg

B.W.) (WAKO),(16) and subsequently with 30 mg/kg B.W. 5-
bromo-2′-deoxyuridine (BrdU) (WAKO) 2 h before killing.(17,18)

Paraffin sections (3-µm thickness) of liver tissues were placed
on poly L-lysine-coated slides. The uptake of BrdU in liver
cell nuclei was visualized with the 5-Bromo-2′-deoxy-uridine
Labeling and Detection Kit II (Roche, USA), according to the
manufacturer’s instruction. After counterstaining with hematoxylin,
1000 nuclei were counted per 40× view fields to determine
percentage of BrdU-positive nuclei.

Evaluation of fibrosis. Liver fibrosis induced by 3′-Me-DAB
was quantitatively evaluated by screening 12 randomly selected
X40-view fields of Azan-stained sections with a color image
processor. The percentage of blue-stained area, representing
fibrosis in the total liver area, was measured.

Image analysis. All histological sections were processed quan-
titatively using a color image processor AnalySIS 3.1 (Soft
Imaging System GmbH, Muenster, Germany). For each sample,
12 independent high-power fields were analyzed for each section
for quantitative parameters. The highest and the lowest counts
were discarded and 10 counts were used for statistical analysis.

Quantitative real-time RT-PCR. The protocol of real-time RT-
PCR was identical to that in Yabe et al.(19) Briefly, total RNA
was prepared from livers of rats by using ISOGEN (Wako)(11)

and treated with DNase I (DNA-free; Ambion Dignostics Inc.,
Austin, TX, USA). First-strand cDNA was synthesized from
DNase I-treated total RNA with random hexamer primers by
using the ABI cDNA Synthesis Kit (Applied Biosystems, Foster
City, CA, USA). Synthesized cDNA was subsequently mixed
with 2X SYBR Green PCR Master Mix (Applied Biosystems)
and GST-P forward primer: 5′-GCT GGA AGG AGG AGG
TGG T-3′ and reverse primer: 5′-CTC AAG ATG GCA TTA GAT
TGG TAA AGG-3′ and subjected to real-time PCR quantification
using the ABI PRISM 7900HT Sequence Detection System
(Applied Biosystems). All reactions were performed in triplicate.
The relative amounts of mRNAs were calculated by using the
comparative CT method. Rat β-actin mRNA was used as a
control for this assay.

Statistical analysis. All the numerical data were shown as mean  ±
standard deviation (SD), and statistical analysis was performed
with either ANOVA or Student’s t-test using StatView software.
When the P-value was < 0.05, the difference was considered to be
significant, and when the P-value was < 0.01, highly significant.

Results

Establishment of speed congenic DRH.F344-Drh1 rats. Speed con-
genic DRH.F344-Drh1 rats were generated by selective transfer
of the F344 RNO1 segment bearing Drh1 to DRH rats by
marker assisted backcrossing. As shown in Fig. 1, the congenic
rats had a ∼43 cM F344-derived introgressed RNO1 segment
between D1Mgh8 (86 cM from centromere) and D1Mgh12
(129 cM). On this segment, we found 11 polymorphic marker
loci and all of them were homozygous for F344 allele. Marker
loci outside this segment, D1Mgh2, D1Mit9, D1Wox25, and
D1Wox6 were homozygous for DRH allele. Our previous
study(11) showed that the QTL peak for Drh1 (an arrowhead in
Fig. 1) is between D1Wox10 (113 cM) and D1Mgh12 (129 cM).
In this study, we identified two new marker loci D1Rat73 (116 cM)
and D1Rat75 (124.5 cM) that were closer to the Drh1 peak. For
allocation of Drh1 on the ∼8.5 cM segment between D1Rat73
and D1Rat75 further study will be required. However, the
RNO4 segment housing Drh2 was determined to be completely
of DRH origin by genotyping of D4Rat34, D4Rat38, and
D4Rat48, markers loci in the Drh2 segment (data not shown). In
addition, 55 microsatellite markers randomly scattered in whole
genome were genotyped, but all were homozygous for DRH allele.

Effects of F344-Drh1 on 3′′′′-Me-DAB induced preneoplastic lesions.
Induction of GST-P and enzyme altered foci: Induction of
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GST-P and EAF, the preneoplastic lesions of hepatocarcinogenesis,
was examined after 8 weeks feeding of 3′-Me-DAB (Fig. 2a)
and the results are summarized in Table 1. The number of EAF
was equivalent in F344 and DRH.F344-Drh1 (P = 0.23), but
significantly higher than that in DRH (P < 0.0001). This suggests
that Drh1 plays a major role in determining the number of EAF.
A kinetic study showed that EAF formation was low in DRH
even at 4 weeks of 3′-Me-DAB administration (Fig. 3). As
shown in Table 1, the average sizes of EAF and the percentage
liver area occupied by EAF were high in F344, intermediate in
DRH.F344-Drh1, and low in DRH (P < 0.0001). The level of
GST-P mRNA determined by real time RT-PCR in the congenic
rat liver was an intermediate of both parental strains (P <
0.001) (Table 1). Data for cyclin D1 and PCNA obtained by
immunohistochemistry of livers were also intermediate of both

parental strains (P < 0.0001) (Figs 2b,c) (Table 1). These findings
suggest that Drh1 locus is an important determinant for the
GST-P expression and growth of EAF cells but that another locus
in DRH, probably Drh2, also serves as the second determinant.

Fibrosis after 3′-Me-DAB feeding. The development of liver
fibrosis is an indispensable consequence of damage by liver
carcinogens. After 3′-Me-DAB administration for 8 weeks,
extensive liver fibrosis developed in F344 but much less in DRH
rats, except for mild steatosis (Fig. 2d). In the DRH.F344-Drh1
rats, the development was intermediate. The extent of fibrosis
was quantitatively evaluated with an image processor (Table 1)
and the difference was statistically significant (P < 0.0001). The
data indicate that DRH rats were highly resistant to fibrosis
formation after 3′-DAB administration, for which Drh1 locus
was partially responsible.

Apoptosis in preneoplastic lesions. It is claimed that EAF can
be modulated by apoptosis of liver cells in resistant rats. The
administration of S-adenosyl-L-methionine to Wistar rats decreases
the number and size of diethylnitrosamine (DEN)-induced EAF
by inhibition of DNA synthesis, increased apoptotic cell deaths,
remodeling, and loss of biochemical markers.(5) To see the possible
effect of Drh1 on liver cell apoptosis, we stained preneoplastic
liver sections with TUNEL (Fig. 2e). A remarkable higher TUNEL-
positive signal was detected in DRH liver than F344 and
DRH.F344-Drh1 liver (P < 0.0001) whereas the signals in the
latter two were equally low (P = 0.64) (Table 1). The specificity
of the TUNEL reaction was verified by immuno-staining with
anti-ssDNA (data not shown). Therefore, induction of apoptosis
may be predominantly determined by Drh1, but not by Drh2.

Effects of lead nitrate on hepatocytes proliferation and apoptosis.
Cell proliferation is another response of liver after injury. We
studied the effect of a single i.p. injection of lead nitrate into rats
that induces a synchronized wave of hepatocyte proliferation.
It was found that the percentage of BrdU-positive liver cells
was significantly lower in DRH than in F344 rats 2 days after
treatment (P < 0.001). In DRH.F344-Drh1, the percentage of
BrdU positive liver cells was as high as in F344 rats (Fig. 4).
TUNEL stain of the liver 2 days after lead nitrate injection
revealed increased apoptosis in DRH (36.8 ± 5.7%), but much
less in the DRH.F344-Drh1 (3.4 ± 1.8%) and F344 rats (2.1 ±
1.9%). Drh1 may induce apoptosis to the hepatocytes newly
recruited to proliferation after chemical injury.

Growth characteristics. One of the remarkable properties of
DRH rats was their consistently larger body size than F344
(P < 0.001 at all age). DRH and DRH.F344-Drh1 rats shared
similar gain of body weight that was significantly higher than
F344 (Fig. 5). Therefore, the Drh1 locus was not a determinant
of growth and body weight.

Discussion

Genetic resistance of DRH rats to 3′-Me-DAB is provided by
two QTLs on RNO1 and RNØ4.(11,12) Judged from quantitative

Fig. 1. Drh1 segment of RNO1 in the DRH.F344-Drh1 rat. Numbers on
the left indicate the map location of microsatellite marker loci listed in
the box. The closed column represents a DRH-derived segment; The
hatched column, undetermined; and the open column, an F344-derived
segment. The closed bars represent the loci with the DRH allele, and
open bars, the loci with the F344 allele. The arrowhead shows the map
location of the Drh1 QTL peak.

Table 1. Effects of Drh1 on preneoplastic liver lesion induced by 3′′′′-Me-DAB
 

Phenotype parameters F344 DRH.F344-Drh1 DRH

No. of EAF per a 40X filed 9.6 ± 2.7*,† 8.6 ± 1.4† 2.5 ± 0.8
Percent GST-P positive area 44.2 ± 5.2 12.6 ± 2.8 3.0 ± 1.6
Mean area of EAF (mm2) 0.08 ± 0.02 0.02 ± 0.006 0.007 ± 0.004
GST-P mRNA (fold) 36.1 ± 10.5 12.2 ± 2.7 2.2 ± 0.51
Percent CyclinD1 positive cells 29.1 ± 7.3 17.1 ± 3.1 7.1 ± 2.5
Percent PCNA positive cells 23.1 ± 4.4 10.6 ± 4.2 3.7 ± 0.9
Percent area of fibrosis 17.9 ± 3.3 11.3 ± 2.9 5.7 ± 0.8
Percent TUNEL positive cells 1.3 ± 0.8‡ 2.9 ± 1.5‡ 57.9 ± 7.3

*Mean ± SD, n = 6. Significantly different in ANOVA (< P, 0.05) except for †(P = 0.23) and 
‡(P = 0.64).
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Fig. 2. Histochemical analysis of the livers after 8 weeks of administration of 3′-DAB. (a) GST-P (×40), (b) Cyclin D1 (×200), (c) PCNA (×200), (d) Azan
stain to show fibrosis (×20), (e) TUNEL stain (×40). See Table 1 for quantitative analysis data by image analyzer.
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parameters relevant to these QTL, both Drh1 and Drh2 strongly
inhibited GST-P induction and formation of EAF in an earlier
stage of liver carcinogenesis. The effect of Drh1 is limited to
the preneoplastic lesion, whereas that of Drh2 extends to their
progression and the growth of liver cancers.(11) The present
study aims to evaluate the function of the single locus Drh1. For
this purpose, we constructed speed congenic DRH.F344-Drh1
rats by marker-assisted backcrossing (i.e. DRH rats carrying a
∼43 cM F344 RNO1 segment with Drh1). Drh1 is a QTL locus
mapped from study of a relatively small number of (DRH ×
F344)F2 rats.(11) The locus itself showed a very high LOD score,
however, it may contain several genes clustering in this segment.
Furthermore, the relatively long introgressed Drh1 segment
may contain other loci affecting EAF formation. Selective
backcrossing of Drh1F344/DRHDrh2DRH/DRH males to DRH females
for six generations and subsequent four or more generations
inbreeding of Drh1F344/F344Drh2DRH/DRH progenies made F344

allele at the loci outside the Drh1 segment < 1%. This does
not warrant total absence of contribution of F344 derived loci
except for Drh1, although none of 55 marker loci located
outside Drh1 segment including those for Drh2 had F344 allele.
Beyond these shortcomings, the data obtained from the speed
congenic rats seem to provide important clues for genetic
resistance to liver carcinogenesis.

From the observation of DRH.F344-Drh1 rats given 3′-Me-DAB,
the number of EAF is primarily determined by the Drh1 geno-
type, since F344 and DRH.F344-Drh1 rats had a comparable
number of EAF, but DRH had a much lower number. The higher
TUNEL reaction in DRH liver at this stage may suggest that the
reduced number of EAF may be due to the apoptotic death of
GST-P positive cells. However, this hypothesis requires careful
consideration. It is not clear whether the initiated cells in
DRH rats disappeared from established EAF by modulation
either through apoptotic removal of enzyme-altered cells or re-
differentiation, or by elimination of initiated cells immediately
after exposure to the chemical. The observation that the number
of EAF was fewer in DRH than F344 and congenic rats even at
4 weeks of 3′-Me-DAB administration seems to support the
latter possibility. Chemical injury with lead nitrate is known to
recruit the liver cells resting in G0 to enter cell cycle and induce
phase II enzymes such as GST-P.(20) The DRH rats, but not F344
and DRH.F344-Drh1 rats, failed to start DNA synthesis and
showed higher apoptosis after lead nitrate. It is shown that the
resistance of DRH rats to hepatocarcinogens was not specific to
their chemical structure.(10) Therefore, it is plausible that the
reduced number of EAF is due to apoptotic elimination of the
cells affected by a chemical to enter the cell cycle.

In contrast, other parameters for EAF in the DRH.F344-Drh1
rats (i.e. GST-P mRNA, average size of EAF, and growth markers
for liver cells) were intermediate between F344 and DRH, indi-
cating the resistance was also conferred by other loci segregating
independently from Drh1. Consistent with our previous report,(21)

the growth of GST-P positive cells and the formation of EAF
are therefore under the control of at least two genes. The extent
of liver fibrosis in the congenic rats was also an intermediate of
F344 and DRH. In contrast, Drh1 is not responsible for the
heavier body weight in DRH rats.

Our previous study(11) revealed that Drh2 is also a determinant
of the EAF number, although its contribution is less than Drh1.
Considering the function of Drh1 in the early stage of EAF

Fig. 3. Time course of GST-P EAF formation. Each point represents an
average of six rats.

Fig. 4. BrdU uptake after a single i.p. injection of lead nitrate. Each
point represents an average of three rats.

Fig. 5. Growth of DRH, DRH.F344-Drh1, and F344 rats. Each point
represents an average of six rats.
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formation, it seems reasonable to assume that Drh1 is epistatic
to Drh2 in respect of the number of EAF.

Genetic resistance to carcinogen-induced hepatocarcinogenesis
has been studied in several strains of rats.(22–25) It is not easy to
compare these models directly, because the carcinogenic pro-
tocols, rat strains, and quantitative parameters to evaluate the
steps of carcinogenesis are variable among different models. Feo
et al.(22,26–29) reported that Brown Norway, Wistar, and Copenha-
gen rats show genetic resistance to liver cancers induced by
combined treatment of DEN and acetoaminofluorene plus par-
tial hepatectomy. Re-differentiation or apoptotic death of EAF
cells(5,6,29) is assumed to be a mechanism of resistance. Among
numerous QTL mapped in these models, Hcs3 and Hcs5 in
Copenhagen rats(29) and Hcs3 and Hcs2 in Brown Norway rats(22)

are mapped on the distal segment of RNO1 and they determine
the number and volume of EAF. Although their phenotypic

effects are much less than those of Drh1 and the exact map loca-
tion is difficult to assess, it is possible that one of them may be
identical to Drh1. In Copenhagen rats, unlike DRH, susceptibility
to the number of EAF is semidominant. However, this does not
necessarily support or exclude their identity, as different alleles
may be used in different combinations of rat strains. Further
study would be required to elucidate their relationship and the
molecular basis of the resistance.
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