Rearrangements of Immunoglobulin and T-Cell Receptor Genes in Canine Lymphoma/
Leukemia Cells

Yasuyuki MOMOI, Masayuki NAGASED, Yukari OKAMOTO, Masaru OKUDA, Nobuo SASAKIY, Toshihiro
WATARI, Ryo GOITSUKA, Hajime TSUJIMOTO, and Atsuhiko HASEGAWA"

Department of Veterinary Internal Medicine, and ¥ Department of Veterinary Surgery, Faculty of Agriculture, The University of Tokyo,
Bunkyo-ku, Tokyo 113, Japan

(Received 16 March 1993/Accepted 1 June 1993)

ABSTRACT. Tumor cells from 15 canine lymphoma/leukemia cases were examined for genetic rearrangements of immunoglobulin and
T-cell receptor (TCR) genes in parallel with cell surface antigens. Ten of these 15 cases showed rearrangements of the immunoglobulin
heavy chain (IgH) gene, while 4 cases displayed TCRf-chain gene rearrangements on Southern blot analysis. All the cases with IgH gene
rearrangements had multicentric form lymphoma, and 6 of the 10 cases were cell surface immunoglobulin-positive. On the other hand,
the cases with TCR gene rearrangements included atypical lymphoma / leukemia cases, and 3 of the 4 cases were Thy-1 antigen-positive.
Although the tumor cell lineage of a considerable number of lymphoma/leukemia cases could not be determined by phenotypic analysis,
examination of the IgH and TCR gene rearrangements disclosed the lineages of 14 of 15 cases. Genetic analysis demonstrated that the
tumor cells in most canine multicentric lymphomas were formed by clonal expansion of B-lymphocyte. These findings show that studies
on the rearrangements of immunoglobulin and TCR genes are very useful for understanding the cellular origin, clonality and hierarchy
of canine lymphoma/leukemia cells.—KEy worDSs: canine, immunoglobulin gene, lymphoma, rearrangement, T-cell receptor gene.
J. Vet. Med. Sci. 55(5): 775-780, 1993

Lymphoma is orie of the most common tumors in dogs,
its age-adjusted annual incidence being estimated to be 24
cases per 100,000 dogs [6]. Retroviruses have been
identified as causative agents of lymphoma/leukemia in
many animal species, but the etiology of the disease in
dogs is still unknown. As lymphomas in dogs are usually
confined to specific areas of the lymphoid system in the
early stage of the disease, thymic, alimentary, and
multicentric forms can often be recognized [1]. Of these
forms, the multicentric form is the most frequent [1, 30].
Lymphoma is sometimes associated with overspill leuke-
mia, but acute lymphocytic leukemia is encountered as a
distinct nosologic entity.

In humans and several animal species, lymphoma/
leukemia cells have been categorized into B- and T-cell
lineages. These B- and T-cells have been distinguished by
functional criteria or by specific membrane features such
as cell-surface immunoglobulin, rosette formation with
erythrocytes of some species and reactivity with mono-
clonal antibodies against cell-surface antigens. However,
in dogs as well as in humans, these particular markers are
often absent or inapplicable to some tumor cells [8, 25]
and so many lymphoma/leukemia cases have not yet been
classified.

Recent molecular cloning of immunoglobulin and TCR
genes have provided an insight into the process by which
various diverse antibodies and antigen-specific TCRs are
generated [10, 12, 13, 23, 32, 34]. Rearrangements of
immunoglobulin and TCR genes can be used as DNA-
level markers of human lymphoid neoplasms [3, 4, 7, 16,
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17, 23, 24, 36]. In the present study, tumor cells from
canine lymphoma/leukemia cases were examined for
rearrangements of IgH and TCR genes to determine the
clonality, lineage and hierarchy of the tumor cells.

MATERIALS AND METHODS

Specimens: Fourteen cases of malignant lymphoma/
lymphoid leukemia admitted to the Veterinary Medical
Center, The University of Tokyo, for diagnosis and
treatment were examined. The lymphoma/leukemia cells
were obtained from their enlarged lymph nodes at biopsy
or necropsy. Subsequent confirmation of the disease was
performed by histological examination of portions of these
lymph nodes. Clinical data are shown in Table 1. Single
cell suspensions for surface marker analysis were prepared
by gently pressing the tissues in RPMI-1640 medium, A
portion of the tissue was rapidly frozen in liquid nitrogen
and stored at —80°C for subsequent DNA extraction. The
cell line CL-1 (Goitsuka et al., submitted for publication)
derived from a dog with thymic-form lymphoma was
éstablished in our laboratory, and also used.

Analysis of surface markers: Direct and indirect im-
munofluorescence techniques were used for the analyses
of cell surface antigens. Briefly, the cells were washed
twice with sorting buffer (0.8% NaCl, 0.02% KCl, 0.115%
Na,HPOy,, 0.02% KH,PO, and 1% fetal calf serum). Cells
were incubated with antibody to the cell surface antigen at
4°C for 30 min and washed three times with the sorting
buffer. For indirect immunofluorescence, these cells were
washed and incubated with FITC-labeled goat anti-mouse
IgG at 4°C for 30 min. Cells were then washed and cell
surface fluorescence was examined with a cytofluoro-
meter, Cyto-Ace 150 (Japan Spectroscopic, Tokyo,
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Table 1. Clinical data on dogs
Patient Breed Sex Age Cancer Peripheral blood blasts (/ul)

1 Welsh Corgi Male 6 years Multicentric 4.5%10?
2 Shetland Sheep Dog Female 10 years Multicentric 5.3x10°
3 Beagle Female 4 years Multicentric Few

4 Pomeranian Female 9 years Multicentric ND

5 Maltese Female 9 years Multicentric ND

6 Shih Tzu Female 7 years Multicentric ND

7 Shih Tzu Male 9 years Multicentric 4.6x10°
8 Shih Tzu Female 11 years Multicentric ND

9 Maltese Female 4 years Multicentric 1.3x10*
10 Shih Tzu Neutered male 9 years Multicentric ND

11 Shih Tzu Male 9 years Multicentric ND

12 Shiba Dog Female 4 years Leukemia 1.0x10°
13 Mixed Female 4 months Pulmonary mass ND

14 Shiba Dog Male 9 years Alimentary ND

15 (Cell line) — — Thymic —

ND: Not detected.
Japan). Several antibodies directed to canine lymphocytes — rResurts

were used. F3-20-7 [21] is a monoclonal antibody (McAb)
directed to the canine Thy-1 antigen, which is a marker of
T-lymphocytes. DT-2 [37] and E11 [28] were produced as
McAbs reactive with surface antigens in subpopulations of
canine lymphocytes. Anti-dog IgM (u chain) and anti-dog
IgG (heavy chain and light chain) antibodies (Cappel
Research Products, Durham, NC) were also used to
detect cell surface immunoglobulins.

DNA extraction and Southern blot analysis: Lymph
node samples stored at —80°C were homogenized in liquid
nitrogen, treated with lysis buffer containing 20 ug/ml
proteinase K, 10 mM Tris-HClI pH 7.4, 1 mM EDTA,
0.5% sodium dodecyl sulfate (SDS) and 10 ug/m/ RNase
A, extracted with phenol and chloroform, and then
precipitated with ethanol. Samples of 15 ug of each DNA
sample were digested with the restriction endonuclease
BamH1, Hindlll or EcoRI. The DNA samples were
separated by electrophoresis in 1% agarose gel and
transferred to a hybridization membrane, GeneScreen
Plus (NEN Research Products, Boston, MA). The DNA
samples on the membrane were hybridized with *P-
labeled probe in hybridization solution (1% SDS, 10%
dextran sulfate, 1 M NaCl, 100 ug/m/ salmon testis DNA
and 50 mM Tris-HCl pH 7.5) at 65°C. After hybridization,
the filters were washed with 2xSSC (1xSSC is 0.15 M
NaCl plus 0.015 M sodium citrate) with 1% SDS at 65°C
for 30 min and autoradiographied.

DNA probes: IgH probe was prepared from a human
DNA clone, Ch. H.Ig.u-24. Eco.Hind13 [29], represent-
ing the joining region (JH) of the human IgH gene
containing the 3.5-kb EcoRI-HindIIl fragment of this
region. Canine TCRf chain probe was prepared from a
DNA clone, pDTBI, containing a 359-bp DNA fragment
of the canine T-cell receptor f chain constant region
(CB2), which was cloned in our laboratory (Goitsuka et
al., submitted for publication).

Phenotypic characterization of canine lymphomalleuke-
mia cells: Tumor cells from six cases (cases 1, 2, 3, 8,9 and
10) with multicentric form lymphoma had cell-surface IgM
or IgG. On the other hand, 3 cases (cases 11, 12 and 14)
bore Thy-1 antigen detected with the monoclonal anti-
body F3-20-7. Six of 15 cases (cases 4, 5, 6, 7, 13 and 15),
however, displayed neither cell-surface immunoglobulin
nor Thy-1 antigen. DT-2 and E11 McAbs reacted with 6
and 4 cases, respectively (Table 2).

Germ-line patterns of canine IgH and TCR genes: We
examined the germ-line patterns of canine IgH and TCRf
genes prior to examination of tumor DNA samples.
Representative results of Southern blot using normal dog
liver DNA are shown in Fig. 1. In their germ-line form,
the gene segments encoding the J region of the IgH gene
were present on the 5.2-kb BamHI, 8.6-kb HindIll and
23-kb EcoRI fragments. The gene segments encoding the
Cp1 and CB2 genes of TCR were present on BamHI
fragments of 5.7 and 2.6 kb, on HindlIIl fragments of 6.2
and 4.1 kb and on a single 20-kb EcoRI fragment.

Rearrangements of the IgH gene in canine lymphomal
leukemia cells: Southern blot analysis using the BamHI
digest revealed that 10 (cases 1 to 10) of 15 cases of canine
lymphoma/leukemia displayed IgH gene rearrangements,
whereas the other 5 cases (cases 11 to 15) retained the
germ-line configuration (Fig. 2a). In the DNA samples
digested with HindlI, in addition to the cases 1 to 10,
cases 11 and 15 also had a rearranged band (Fig. 2b). In
the EcoRI-digested DNAs, rearrangement of IgH gene
could be detected only in 8 (cases 1 to 8) of 15 cases
examined (Fig. 2c). The tumor tissue DNAs of 9 cases
(cases 2 to 10) showed two rearranged bands hybridizing
with JH probe, suggesting rearrangements of both alleles
in the IgH gene. However, case 1 showed only a single
rearranged band, suggesting rearrangement and deletion
of each allele. In some cases with IgH rearrangement, a
faint germ-line band was detected in addition to the
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Table 2.

Analyses of surface antigens and rearrangements of immunoglobulin and T-cell receptor genes

Surface markers

Genetic markers

JH probe C f probe

Case No. Anatomic form IeM

IgG Thy-1 DT-2 E11 BamHI HindIIl EcoRI BamHI HindIII EcoRI

Multicentric NT -
Multicentric -
Multicentric +
Multicentric - NT -
Multicentric —
Multicentric
Multicentric
Multicentric
Multicentric
10 Multicentric
11 Multicentric
12 Leukemia -
13 Pulmonary mass -
14 Alimentary - NT
15 Thymic - -
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+: Positive —: Negative, NT: Not tested, R: Rearranged, G: Germ line type, *: Possibly due to RFLP.
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Fig. 1. Southern blot analysis of germ-line type

fragments of IgH (a) and TCRB (b) genes.
Normal dog liver DNA was digested with BamHI
(lane 1), HindIII (lane 2), or EcoRI (lane 3) and
subjected to Southern blot analysis using IgH J
region probe (a) or TCR Cg probe (b). Fragment
sizes were estimated with HindIII-digest A mar-
kers.

rearranged bands, indicating contamination of samples
with a small amount of normal tissue. The abnormal
fragments detected in cases 11 and 15 in the HindIll
digests may possibly due to restriction fragment length
polymorphism (RFLP) because these cases did not show
any rearrangement in their BamHI and EcoRI digests and
retained a germ-line fragment in one allele which is
usually deleted during the process of IgH gene rearrange-
ment. These findings indicated that the tumor cells of 10
cases (cases 1 to 10) were committed to B-cell develop-

ment at the immunoglobulin gene level. All the 10 DNA
samples showing rearrangements of the IgH gene were
derived from tumors of cases with multicentric form
lymphoma. Furthermore, the demonstration of distinct
bands by Southern blot analysis proved that these tumor
cell populations represented clonal (monoclonal or at least
oligoclonal) expansions of B lymphocytes.
Rearrangement of the TCR gene in canine lymphomal
leukemia cells: On Southern blot analysis of BamHI
digests, 5 cases (cases 4, 12, 13, 14 and 15) showed
abnormal fragments hybridizing with the TCR fS-chain
gene probe, whereas the other 10 cases retained the
germ-line configuration (Fig. 3a). In the HindIlI-digested
DNAs, abnormal fragments were detected in 3 cases
(cases 13, 14 and 15) (Fig. 3b). In the EcoRI-digested
DNAs, 5 cases (cases 11, 12, 13, 14 and 15) had
rearrangements of TCR f-chain gene (Fig. 3c). The
rearranged band in case 4 DNA digested with BamHI and
that in case 11 DNA digested with EcoRI were possibly
due to RFLP because rearrangement was not detected in
DNAs digested with other restriction enzymes and one
allele retained germ-line configuration in these cases.
These results indicated that four cases (cases 12, 13, 14
and 15) possessed rearrangements of TCRf gene. Of
these cases, cases 12 and 14 gave one rearranged band in
their EcoRI digests, indicating TCRJ3 gene rearrangement
on one allele and deletion on another in these cases. Case
13 also showed similar result but did not show a
rearranged band in the EcoRI digests, probably indicating
similar rearrangement and deletion of TCRf3 gene on two
alleles. Case 15 gave one germ-line band in BamHI and
HindIII digests and two rearranged fragments in an EcoRI
digest, implying rearrangement lacking one CfS gene on
both alleles. These results indicated that the tumor cells of
cases 12, 13, 14 and 15 were committed to T-cell
development at the TCRf gene level and represented
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clonal expansions of T-lymphocytes.
DISCUSSION

In the present study we classified canine lymphoma/
leukemia cells on the basis of rearrangements of the IgH
and TCRf genes. Fourteen of the 15 cases examined in
this study were classified as B- or T-cell lineage by genetic
analysis, although 6 cases were negative for both im-
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Fig. 2. Southern blot analysis of rearrangements of IgH
genes in canine lymphoma / leukemia cells. Tumor cell
DNA samples from cases 1 to 15 (lane 1 to 15) digested
with BamHI (a), HindIII (b), EcoRI (c) were sub-
jected to Southern blot analysis using IgH J region
probe. The germ-line fragments are indicated as G.
Fragment sizes were estimated with HindIII-digested A
DNA markers.
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Fig. 3. Southern blot analysis of rearrangements of
TCRf genes in canine lymphoma / leukemia cells.
Tumor cell DNA samples from cases 1 to 15 (lane 1 to
15) digested with BamHI (a), HindlIl (b), EcoRI (c)
were subjected to Southern blot analysis using TCR Cf
probe. The germ-line fragments are indicated as G.
Fragment sizes were estimated with HindIII-digested A
DNA markers.

munoglobulin and Thy-1 antigen. Most of the cases with
surface immunoglobulin (cases 1, 2, 3, 8, 9 and 10) and
Thy-1 antigen (cases 12 and 14) were found to have
rearrangements of IgH and TCR genes, respectively.
However case 11 which expressed Thy-1 antigen did not
show any rearrangement of TCR gene. It can be consi-
dered that the tumor cells in this case might be derived
from another T-cell lineage, yST-cell.

DT-2 [37] and E11 [28] were produced as McAbs
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reactive with surface antigens in subpopulation of canine
T-lymphocytes [28, 37]. However, in the present study,
these McAbs reacted with some tumor cells committed to
B-cell defferentiation. It was reported that T-cell antigen
identified by DT-2 was expressed on lymphoma cells with
B-cell phenotype [2, 18]. It is conceivable that the T-cell
antigens identified by DT-2 and E11 are expressed on
some immature or undifferentiated B-cells.

The 6 cases showing rearrangement of IgH (cases 4, 5, 6
and 7) and TCR (cases 13 and 15) genes but lacking slg
and Thy-1 antigen were considered to be undifferentiated
tumor cells (Table 2). Analyses of the rearrangements of
immunoglobulin and TCR genes have several advantages
over the characterization of cell surface phenotypes for
determining lineages, differentiation and clonality of the
lymphoid tumor cells, because these analyses can detect
the initial genetic events occurring in the early stage of B-
and T-cell differentiations [17]. Further investigations on
the differentiation of B-cell lineage may be possibly by
detections of the rearrangements of immunoglobulin x
and A chain genes [16]. Another T-cell lineage, yoT-cells
may also be identified by analysis of rearrangement of
TCR v and 6 chain genes [14, 27, 31]. Analyses of these
gene structures may be required in some cases of
lymphoma/leukemia.

The causative factor of canine lymphoma is still
unknown. The viral etiology in some cases of the specific
type of naturally occurring lymphoma/leukemia in many
other species has been proved. For example, bovine
leukemia virus is associated with B-cell lymphoma/leuke-
mia in cattle [22] and human T-cell leukemia virus is
involved in the leukemogenesis of adult T-cell leukemia in
humans [11, 26, 35]. Detailed characterizations of lym-
phoma/leukemia cells with genetic analysis in addition to
immunological and cytological examinations are consi-
dered to be very useful for identification of specific types
of lymphoma/leukemia, which are necessary in further
studies on the etiology of canine lymphoma/leukemia. In
several human lymphomas/leukemias, such as Burkitt’s
lymphoma and B-cell follicular lymphoma, specific chro-
mosomal translocation have been detected [15, 19, 33]. In
these cases, oncogenes and regulatory elements of the
immunoglobulin genes around the chromosomal break
points were shown to be associated with tumorigenesis.
Chromosomal translocation in canine lymphomas has not
been studied, but analysis of rearrangements of immuno-
globulin and TCR genes should be helpful for understand-
ing their pathogenesis, because many translocation events
in tumor development have been identified at the loci of
immunoglobulin and TCR genes.

Detailed typing of lymphoma/leukemia cells may also
be useful in predicting the prognosis of patients. Greenlee
et al. [8] reported the association of the immunological
subtype with the prognosis after chemotherapy of dogs
with lymphoma. More detailed typing of the cells by
genetic analysis as used in this study may provide more
information on their clinical features and prognosis of
canine lymphoma/leukemia. Moreover, genetic rear-

rangements detected in canine lymphoma/leukemia cells
should also be useful to monitor the efficiency of therapy.
Survival of tumor cells after therapy can be detected by
demonstrating the presence of rearranged bands of
immunoglobulin and TCR genes [5, 9, 20].

Canine lymphoma is a common, naturally occurring
tumor and is important not only in the veterinary field but
also for investigation of tumorigenesis in mammals. The
present study on the rearrangements of immunoglobulin
and TCR genes provide information on the origin and
differentiation of tumor cells and on the mechanisms of
tumorigenesis in canine lymphoma/leukemia.
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