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Introduction

Mammary tumors are the most common
tumor found in dogs®. Some investigators have
proposed that mammary tumors in dogs can be
considered as an animal model for human breast
cancer”.

Of the several tumor markers now being
studied, the HER-2/neu oncogene, also known as
neu or c-erb-B2, has been shown to be of primary
importance. Several investigators have found
amplification of the erb B2 gene in various tumor
collected from human*#*121%),

Investigation of the role of erb B2 in canine
mammary tumors is necessary for oncogenesis of
dogs as experimental models for human breast
cancer. In this study, we partially sequenced the
canine erh B2 oncogene, and examined its tissue-
specific expression by Northern blot analysis.

Materials and Methods

Dogs and tissue — Tumor tissue was col-
lected during surgery from 3 dogs. The three
tumors were identified as multiple mixed tumors
(benign), mammary adenocarcinoma (malignant),

and malignant myoepithelioma (malignant) by

identified normal mammary glands collected
from a dog which possessed multiple mixed
tumors (benign) were used as our normal control.
The tissue samples were immediately put on ice,
and cut into sections for histologic and oncogenic
analyses. Those tissue specimens taken for his-
tologic diagnosis were fixed in neutral formalin
solution, and processed for light microscopy.
Those intended for oncogenic analysis were fro-
zen and stored at —70°C until use.

Preparation of canine cDNA from wmammary
gland tissue — Frozen tissue specimens (approxi-
mately 0.1g) from the canine mammary glands
were put into RNA sol™ B (Biotex Lab Inc., U.S.
A.), and homogenized by Physcotoron (Niti-On
Medical Supply Co., Ltd., Japan). The samples
were purified using chloroform, isopropanol, and
75% ethanol. Precipitates were dried and dis-
solved in Diethylpyrocarbonate (DEPC)-treated
H,O0.

From this RNA (3 ug in 13 ul DEPC-treated
H,0), cDNA was synthesized using a randomhex-
amer (Life Technologies, Inc.,, U.S.A), a 10X
synthesis buffer, 10 mM deoxyribonucleoside 5~
triphosphates mixture (ANTP), 0.1 M dithioth-
reitol (DTT) and a Super Script II™ (Life Tech-

histological examination. Histologically

nologies, Inc., U.S.A)). The resulting single first-
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strand ¢DNA was used as a template for
Polymerase Chain Reaction (PCR).

Polymerase Chain  Reaction — Degenerate
oligonucleotide 5 primer, AACTGCACCCACTC-
CTGTGTGG, and degenerate oligonucleotide 3’
primer, GATCCAAGCACCTTCACCTTCC, were
designed by determining the regions of strongest
homology existing between human and rat erb
B2:1 The regions corresponding to the primer
sequences were located at nucleotides 2079-2058
and 2356-2335 of the human erb B2 (Fig. 1).
These primers were synthesized using the
ExpediteTM Nucleic Acid Synthesis System (Per-
ceptive Biosystem, U.S.A.)

To amplify erb B2, 2 ul of 0.25 ug/ul of
single-stranded DNA were placed in a 0.5 ml tube
containing 5 1 of a 10X reaction buffer (500 mM
KCI, 100 mM Tris-HCI [pH8.3], 30 mM MgCl,,
and 0.1 % [w/v] gelatin), 1 41 of a dNTP mixture
containing 10 mM each of dATP, dCTP, dGTP
and dTTP, and 2.5 ul of each primer (50 mg/ml).
This mixture was overlaid with 30 x! of mineral
oil (Sigma Chemical Co., U.S.A.) and the reaction
mixture was placed in a Program Control System
PC-800 (Astec, Japan). PCR was initiated with
the following parameters: 94°C for 1 min (denatur-
ation), 55°C for 1 min (annealing), and 72°C for 2

2058

min (extension) for 38 cycles. The amplified
DNA was analyzed by electrophoresing the reac-
tion mixture through a 2% agarose gel containing
0.5 pg/ml of ethidium bromide, and visualized
with a UV light.

Cloning of erb B2 PCR fragment ——
Approximately 2 ul of the erb B2-specific PCR
reaction product was mixed with 50 ng of pMOS
Blue vector (Amersham International plc, Eng-
land), and 30 ! of reaction solution A and 5.5 ul
of reaction solution B from Takara DNA Liga-
tion System (Takara Shuzo Co., Ltd., Japan) were
added. This mixed solution was then incubated
for 12 hr at 16°C. Transformed cells, JM109
(Takara Shuzo Co., Ltd.,, Japan) were placed on
L-broth agar plates containing 20 ug/ml of
ampicillin, and coated with 25 g1 of X-gal (40 mg/
ml) and 100 mM of isopropyl thio-Z-galactoside
(IPTG) for 1hr before plating the bacteria. After
a overnight incubation at 37C, individual white
colonies were collected and used to inoculate 5 ml
of L-broth containing 20 wxg/ml of ampicillin.
After 12 hr, 5 pl of the culture were used as a
substrate in a PCR reaction to determine which
cultures contained the proper recombinant plas-
mid DNA.

DNA sequencing — The reaction mixture

(HUMAN) AACTGCACCCACTCCTGTGTGGACCTGGATGACAAGGGCTGCCCCGCCGAGCAGAGAGCCAGCCCTGTGACGTGCA
(RAT)  AACTGCACCCACTCCTGTGTGGATCTGGATGAACGAGGCTGCCCAGCAGAGCAGAGAGCCAGCCCGGTGACATTCA

TCATCTCTGCGGTGGTTGGCATTCTGCTGGTCGTGGTCTTGGGGGTGGTCTTTGGGATCCTCATCAAGCGACGGCA
TCATTGCAACTGTAGAGGGCGTCCTGCTGTTCCTGATCTTAGTGGTGGTCGTTGGAATCCTAATCAAACGAAGGAG

GCAGAAGATCCGGAAGTACACGATGCGGAGACTGCTGCAGGAAACGGAGCTGGTGGAGCCGCTGACACCTAGCGGA
ACAGAAGATCCGGAAGTATACGATGCGTAGGCTGCTGCAGGAAACTGAGT TAGTGGAGCCGCTGACGCCCAGCGGA

2356

GCGATGCCCAACCAGGCGCAGATGCGGATCCTGAAAGAGACGGAGCTGAGGAAGGTGAAGGTGCTTGGATC
GCAATGCCCAACCAGGCTCAGATGCGGATCCTAAAAGAGACGGAGCTAAGGAAGGTGAAGGTGCTTGGATC

Fig. 1 Comparison of erb B2 sequences. Numbering above the nucleotide acids were reported by Yamamoto et al
[11]. Dashed lines mark the homologous sequence between humans and mice; these oligonucleotide
sequences were used as 3’ and 5’ primers in the PCR reaction for detecting canine erb B2 gene.
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containing plasmid DNA was purified by alkaline
method?, and DNA sequencing was carried out
using the Cycle Sequencing Method (Takara
Shuzo Co., Ltd., Japan). Sequencing was carried
out using the cDNA sample taken from the tissue
of the multiple mixed tumor.

Northern blot analysis— Total RNA was
isolated from 0.2 g of each specimen. Tissue
samples were collected from the tumors described
above. The RNA samples obtained were dis-
solved and stored at —30°C in DEPC-treated
H,0. Total RNA was denatured with for-
mamide, subjected to electrophoresis on a 1%
agarose gel containing 18% formaldehyde, and
then transferred to a nylon membrane. The PCR
product described previously was used as the
probe for erb B2. The resulting product was
labeled with a DIG RNA Labeling Kit (Boehrin-
ger Mannheim GmbH, Germany). Hybridization
was completed at 65C for 16 h in a solution
produced according to the protocol of the DIG
RNA Labeling Kit. After hybridization, the fil-
ters were washed twice with a 2X SSC (0.3 M
NaCl, 0.03 M sodium citrate, pH 7.0) containing
0.5% SDS at 65C for 40 min. The filters were
finally washed with 0.2X SSC containing 0.5%
SDS at 65°C for 40min, and then dried and autor-
adiographed at room temperature for 30min.

Results

About 300 base pair fragments were obtained
from both tumor tissue and normal tissue by
reverse transcriptase-PCR using the erb B2-spe-
cific degenerate primers (AACTGCACCCACTC-
CTGTGTGG and GATCCAAGCACCTTCAC-
CTTCC)(Fig. 2). There was no difference in
expression order between normal tissue and
tumor tissue.

Each fragment from the tumor tissue was
cloned into a PCR vector and sequenced (Fig. 3).
Because the sequence matched that of human erb
B2 and rat neu cDNA, it was found that the
cloned DNA indeed represents a cDNA derived
from the canine erb B2 mRNA. The nucleotide
sequence was found to exhibit 89.0% and 82.7%
homology with human and rat gene, respectively.

The amino acid sequence corresponding to

the nucleotide sequence between 2082 and 2334,
which includes the transmembrane region of the
erb B2 protein, is shown in Fig. 4. Squares with
asterisks indicate transmembrane regions.
Amino acid sequences in the cytoplasmic domain
were strongly homologous among the three
species, although sequences in the transmembrane
region and extracellular domain revealed a num-
ber of differences.

Northern blot analysis was performed to
examine the expression of the gene for erb B2 in
both normal and tumor tissue. Figure 5 shows
that erb B2 was expressed in both normal and
tumor tissue at level 28S. The expression order
was high in lanes 2 and 3 tumor tissue, but low in
lane 1 normal mammary tissue. The expression
order was particularly high in lane 3 tumor tissue.

Discussion

Erb B2 oncogene has been extensively inves-

tigated in human breast cancer®!®. Investigation

1 2 3
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Fig. 2 Detection by reverse transcriptase-PCR of
mRNA encoding canine erb B2. RNA from
normal and cancer tissue was isolated,
converted to single-strand cDNA, and am-
plified by PCR using erb B2-specific oligonu-
cleotide primers. Positive signals of expect-
ed size, about 300bp, were detected in cDNA
prepared from normal control tissue (lane 3)
and cancer tissue (lane 2: multiple mixed
tumor). Lane 1 contains a 1 Kb DNA Ladder
used as the molecular weight marker.
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2058

AACTGCACCCACTCCTGTGTGGACCTGGACGAGAAGGGCTGTCCCGCCGAGCAGAGAGCCAGCCCTGTGACATCCATC

LeuAspGluLysGlyCysProAlaGluGinArgAlaSerProValThrSerlle

637

ATTGCCGCTGTGGAGGGCATTCTGCTGGCTGTGGTCGTGGGGCTGGTCCTCGGCATCCTGATCAAGCGAAGGCGGCAG

IleAlaAlaValGluGlylleLeuLeuAlaValValValGlylLeuVallLeuGlylleLeul leLysArgArgArgGin

AAGATCCGGAAGTACACTATGCGGAGGCTGCTGCAGGAAACCGAGCTGGTGGAGCCGCTGACGCCTAGTGGAGCGATG

Lys|leArglLysTyrThrMetArgArgleuleuGInGluThrGluLeuValGinProLeuThrProSerGlyAlaMet

2356

CCCAACCAGGCTCAGATGCGGATCCTGAAAGAGACAGAGCTGAGGAAGGTGAAGGTGCTTGGATC

ProAsnGInAlaGinMetArgl leLeulysGluThrGluLeu

Fig. 3 Sequence of canine erb B2. Numbering refers to the amino acid sequence ahove and the DNA sequence
below. Dashed lines mark the homologous sequence between humans and mice; these oligonucleotide
sequences were used as 3’ and 5 primers in the PCR reaction for detecting canine erb B2 gene.

(Extraceliular

637 domain)
(Dog) LDEKGCPAEQRASPVTS| IAAVEGILLAVVVGLVLGIL IKRRROK
(Human) --D~——-————-~—==8~—V=——=V— -Y-F-—————(Q—-
(Rat) --ER-—————————=F——-T—==V——FLILVV-V-—errrm—

IRKYTMRRLLQETELVEPLTPSGAMPNQAQMR | LKETEL

(Cytoplasmic domain) 720

Fig. 4 Comparison of erb B2 amino acid sequence.
Numbering above the line refers to the amino
acids below. Dashes indicate identity with
the canine sequence, and asterisks indicate
the transmembrane region reported by
Yamamoto et al [11].

of erb B2 in canine mammary tumors is useful for
comparative oncogenesis, and dogs may be used
as experimental models for human breast cancer.
However, only a few reports have been published
concerning oncogenes in spontaneously arising
tumors in domestic animals™®.

The nucleotide sequence obtained from

canine cDNA in this study is considered to be the
canine erb B2 fragment, because the nucleotide
sequence was found to exhibit 89.0% and 82.7%
homology with human and rat erb B2 genes,
respectively. Cloning of the canine erb B2 gene,
using PCR oligonucleotides based on human and
murine sequences, suggests that this technique
could be valuable in cloning canine oncogenes
where the sequence data of other animals, such as
humans or rats, is available.

Many differences were seen in the transmem-
brane region among humans, rats and dogs,
although differences in the amino acids between
the three species were mainly restricted to hydro-
phobic amino acids. Differences in the sequence
of amino acids among the three species were
small in the cytoplasmic and extracellular
domains.

Yamamoto et al.'V reported that threonine
residue at position 686 corresponded to the phos-
phorylation site in the EGF (epidermal growth
factor) receptor. As threonine was seen in all

three species, this amino acid may play an impor-
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Fig. 5 Northern blot analysis of canine erb B2.
Each lane was loaded with 5 zg of total RNA
prepared from normal control tissue (lane 1)
and various mammary tumor tissues (lane 2:
mammary adenocarcinoma, and lane 3:
malignant myoepithelioma).

tant role in signal transmission in all three
species.

Since Slamon et al.?, first reported that the
c-erb B2 was amplified in human breast cancer,
the relationship between c-erb B2 and human
cancer, including breast cancer, has been inten-
sively investigated. Amplification of erb B2 has
been identified, not only in breast cancer, but also
in cancer of the stomach, carcinoma of the colon,
and cerebral tumor*!#'®. This amplification of
erb B2 was not identified in all of the cases: for
example, amplification was only seen in about
20% of the breast cancers. In non-amplified
expressed cases, expression of erb B2 in the stage
of transcription or translation was detected using
Western blotting'®. Elucidation of the role of c-
erb B2 in cancer tissues may be useful for deci-
sions related to prognosis and method of treat-

ment.

As there have been few reports about erb B2
in canine tumors, detection of such expressions in
the translation stage of canine erb B2 may be
useful for comparative pathology. In the present
study, relatively high expressions were seen in the
tumor tissues. The expression in malignant
myoepithelioma (malignant) was most significant.
Further study of this correlation between malig-
nancy of tumor and expression of erb B2 would be
of great interest.

In the present study, canine erb B2 gene was
partially sequenced, and an over-expression of
the erb B2 gene in mammary gland tumors was
suggested. However, further studies are needed,
using a wider variety of tumor tissue to clarify
the correlation between erb B2 expression and
tumor malignancy.

Summary

Canine oncogene, erb B2 was shown to be
partially sequenced and its activation was detect-
ed in mammary tumor. The cDNA was obtained
by reverse transcriptase-polymerase chain reac-
tion (PCR), as follows: the cDNA was synthesized
from total RNA prepared from canine mammary
gland tissue, and PCR was carried out using 5’
primer and 3’ primer designed according to the
homologous region between human and rat erb B2
gene. About 300 base pair fragments were
obtained. The nucleotide sequence of these frag-
ments was found to exhibit 89.0% and 82.7%
homology with that of the corresponding regions
of human and rat erb B2, respectively. Northern
blot analysis demonstrated that this erb B2
mRNA was expressed in both normal and tumor
tissue. The expression levels of erb B2 mRNA in
several specimens of canine mammary tumor
tissue were higher than those in normal mammar-
y tissue.
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