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ABsTRACT. We evaluated the usefulness of polymerase chain reaction for antigen receptor gene rearrangement analysis (PARR) of endo-
scopic biopsy specimens for diagnosis of canine alimentary lymphoma. Two endoscopic biopsy specimens were obtained from each
lesion in 78 dogs with gastrointestinal symptoms. One specimen was histopathologically examined by a pathologist, and the other was
analyzed by PARR. All samples were categorized into three groups [lymphoma (n=4), adenocarcinoma (n=5) and enteritis groups
(n=69)] based on the histopathological diagnosis. In the lymphoma group, one case was IgH major-positive, and three cases were TCRy-
positive, representing clonal expansion of B- and T-cells, respectively. PARR produced negative results for all cases in the adenocarci-
noma group. In the enteritis group, six cases were TCRy-positive. Two of the six TCRy-positive enteritis cases were cytologically diag-
nosed as lymphoma by fine needle aspiration during a laparotomy. In the enteritis group, the survival times were compared between
the TCRy-positive and TCRy-negative cases. The overall survival time of the TCRy-positive enteritis cases was significantly shorter than
that of the TCRy-negative enteritis cases according to a log-rank test (p<0.0001). With regard to other factors, such as age, clinical signs
and the serum albumin concentration, there were no significant differences between the TCRy-positive and TCRy-negative enteritis cases.
In conclusion, PARR is capable of detecting alimentary lymphoma and latent alimentary lymphoma, which cannot be histopathologically

diagnosed using endoscopic biopsy specimens. Furthermore, a TCRy-positive result in PARR may imply a poor prognosis.
KEY woRrbps: diagnosis, enteric disease, IBD, Lymphoma/leukemia, molecular identification.

Lymphoma is one of the most common tumors in dogs.
Alimentary lymphoma usually accounts for 5% to 7% of all
canine lymphomas [16]. Dogs with alimentary lymphoma
show nonspecific gastrointestinal signs, such as vomiting,
diarrhea, anorexia, weight loss, hypoproteinemia and mal-
absorption. Alimentary lymphoma usually occurs multifo-
cally and/or diffusely throughout the submucosa and lamina
propria of the intestine, especially in the small intestine,
with frequent superficial ulceration and occasional transmu-
ral infiltration of the serosa [18]. Although alimentary lym-
phomas that involve formation of a mass can be detected by
diagnostic imaging, it is difficult to detect diffuse alimen-
tary lymphomas that do not involve a mass. Lymphocytic-
plasmacytic inflammation can occur adjacent to or distant
from the primary tumor, and distinguishing between alimen-
tary lymphoma and enteritis, especially lymphocytic-plas-
macytic enteritis (LPE), can be difficult [4, 18].
Additionally, interobserver variation is also an issue in rela-
tion to histopathologic evaluation of intestinal tissues [19].
Therefore, full thickness biopsy of the intestine is helpful in
making an accurate diagnosis; however, dogs that are sus-
pected of having alimentary lymphoma are usually in poor
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condition and are unlikely to survive a long period of anes-
thesia, and laparotomic damage may also occur in some
cases. There is also a risk of intestinal perforations at the
laparotomic biopsy site in dogs with hypoalbuminemia or
intensive infiltration of inflammatory cells and/or lym-
phoma cells into the intestine [13]. In contrast, endoscopic
biopsy is less invasive than laparotomy, but is considered to
be inadequate because only small, superficial (mucosa)
specimens can be obtained [9, 18].

The polymerase chain reaction (PCR) for antigen recep-
tor gene rearrangement analysis (PARR) was developed for
diagnosis of lymphoid neoplasia [3, 17]. Lymphocytes have
acquired a unique antigen receptor gene of a unique length
and sequence by gene rearrangement. The lymphoid neo-
plasia is composed of a single population of neoplastic lym-
phocytes. In PARR, clonal expansion of tumor
lymphocytes that contain a rearranged immunoglobulin
heavy chain (IgH) gene or a T cell receptor gamma (TCRy)
gene can be detected in B-cell and T-cell lymphoid neopla-
sias, respectively. PARR is an objective and highly sensi-
tive method, and its usefulness in diagnosis of canine
lymphoid neoplasia has recently been proven [3, 8, 10, 17].
In the present study, we evaluated the usefulness of PARR
using endoscopic biopsy specimens in diagnosis of alimen-
tary lymphoma.
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MATERIALS AND METHODS

Tissue specimens: The present study utilized 78 dogs that
suffered from gastrointestinal symptoms such as diarrhea
and vomiting and that had been examined by endoscopy at
the Yamaguchi University Animal Medical Center, Nihon
University Animal Medical Center and five other private
animal hospitals between October 2003 and October 2005.
Two endoscopic biopsy specimens were obtained from each
lesion with endoscopic biopsy forceps. One of the speci-
mens was fixed in 10% buffered formalin and evaluated his-
topathologically in each hospital’s pathological laboratories
or by commercial laboratories. All the specimens were clas-
sified into three groups (lymphoma, adenocarcinoma and
enteritis groups) based on the histopathological diagnosis.
The other specimen was placed in 200 ul of saline and
stored at —20°C until use.

PARR: Each endoscopic biopsy specimen was homoge-
nized, and DNA was extracted using QlAamp DNA Mini
Kits (QIAGEN GmbH, Hilden, Germany) according to the
manufacturer’s instructions. PARR was performed as
described previously [3]. Briefly, each sample was ampli-
fied by two sets of primers (major and minor) for the IgH
gene and one set of primers for the TCRy gene. As a posi-
tive control for the DNA extraction process, the constant
region of IgM (C ) was also amplified for each sample. The
PCR products were electrophoresed using 12% polyacryla-
mide gel, and the gel was stained with ethidium bromide and
visualized with an UV illuminator. If one or more distinct
bands were observed, the results were considered to be pos-
itive, i.e., one or more tumor lymphocyte clonal expansions
were present in the sample. If no bands, some smears or a
ladder of faint bands were observed, the results were consid-
ered to be negative. If tissue specimens were obtained from
more than two lesions in a dog, the PARR results for a
pathologically representative lesion were considered to be
the clonality results for that dog in the statistical analysis.

Statistical analysis: In the enteritis group, the overall sur-
vival time, age and serum albumin concentration were com-
pared between the TCRy-positive and TCRy-negative cases.
Overall survival time was evaluated using the Kaplan-Meier
method and the log-rank test. The age and albumin concen-
tration were examined for normality using the D’ Agostino
and Pearson normality test and were compared using the
Mann-Whitney U test. The clinical signs were compared
using the Fisher’s exact test. A p value < 0.05 was consid-
ered statistically significant. The calculations were per-
formed using statistical software (Prism 5, GraphPad
Software Inc., San Diego, CA, U.S.A.).

RESULTS

Dogs: The median age of the 78 dogs was 6.0 years
(range: seven months to 16 years), and their median weight
was 6.8 kg (range: 2.3 to 53 kg). Forty-seven dogs were
male (31 intact, 16 neutered), and 31 dogs were female (14
intact, 17 neutered). Seventy dogs representing 27 pure

breeds were affected, as were eight dogs of mixed breed.
The most commonly affected breeds were the Miniature
Dachshund (n=14), Shih Tzu (n=5), West Highland White
Terrier (n=4), Pembroke Welsh Corgi (n=4) and Shiba
(n=4). The clinical signs observed were vomiting (n=50),
diarrhea (n=40), anorexia (n=32), lethargy (n=24) and effu-
sion (n=4). The mean (+ standard deviation) albumin con-
centration of 68 of the dogs for the seven days before the
endoscopy was 2.5 £ 0.9 g/dI.

Histopathological diagnosis: The endoscopic specimens
were examined histopathologically by pathologists. The
pathologists diagnosed cases of lymphoma (n=2); cases sug-
gestive of lymphoma (n=2); and cases of adenocarcinoma
(n=5), LPE (n=27), chronic enteritis (n=39), haemorrhagic
enteritis (n=2) and polyp (n=1). These cases were classified
into three groups: the lymphoma, adenocarcinoma and
enteritis groups. The lymphoma group included the lym-
phoma and suggestive of lymphoma cases. The adenocarci-
noma group included only the adenocarcinoma cases. The
enteritis group included the LPE, chronic enteritis, haemor-
rhagic enteritis and polyp cases.

PARR: Based on the histopathological observations,
specimens obtained from the stomach (n=8), duodenum
(n=65) and colon (n=5) were considered to represent the
main lesions in each dog, and the PARR results for the main
lesion were considered to represent the clonality results for
each case. In PARR, Cu was successfully amplified as a
control for the DNA extraction process in all cases, and this
confirmed successful DNA extraction for the specimens.
IgH major was positive in one lymphoma case. TCRy was
positive in three lymphoma cases and six enteritis cases.
IgH minor was negative in all cases, and there were no
multi-positive cases. Therefore, all the lymphoma cases
were positive according to PARR. Importantly, two of the
six TCRy-positive enteritis cases, which were not diagnosed
as lymphoma based on the endoscopic specimens, were
cytologically diagnosed as lymphoma by fine needle aspira-
tion during a laparotomy. In the other four TCRy-positive
enteritis cases, neither laparotomy nor autopsy was per-
formed. All the adenocarcinoma cases produced negative
PARR results.

Comparison of histopathology and PARR: Follow-up
information was available in 55 cases. All the lymphoma
cases and the two enteritis cases that had been cytologically
diagnosed as lymphoma were treated with multidrug
(CHOP-based protocol) and/or lomustine chemotherapy.
One TCRy-positive enteritis case, which was not diagnosed
as lymphoma by histopathology, was also treated with mul-
tidrug chemotherapy, but this dog died 19 days after endos-
copy. The other enteritis cases were treated with a modified
diet, metronidazole, sulfasalazine and/or immunosuppres-
sive therapy, including prednisolone, azathioprine and
cyclosporine.

The overall survival time of the TCRy-positive enteritis
cases was compared with that of the TCRy-negative enteritis
cases. Follow-up information was available in six TCRy-
positive and 45 TCRy-negative enteritis cases. The overall
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Fig. 1. Kaplan-Meier curve for the survival times of the TCRy-

positive and TCRy-negative cases in the enteritis group. There
were six and 45 TCRy-positive (+) and TCRy-negative (-)
cases, respectively. The arrows indicate the survival times of
the TCRy (+) cases cytologically diagnosed as lymphoma dur-
ing laparotomy. Censored cases, which involved death by other
diseases or which could not be followed up subsequently, are
indicated by tick marks.

survival time of the TCRy-positive enteritis cases was sig-
nificantly shorter than that of the TCRy-negative enteritis
cases according to the log-rank test (p<0.0001; Fig. 1). The
2 lymphoma cases in the enteritis group, which had been
cytologically diagnosed as lymphoma at the laparotomy,
died at 34 and 153 days, respectively (Fig. 1). With regard
to the other conditions, including age, clinical symptoms
and serum albumin concentration, there were no significant
differences between the TCRy-positive and TCRy-negative
enteritis cases (Table 1).

DISCUSSION

In all the cases in the lymphoma group, the clonalities of
the antigen receptor genes were detected with PARR using
endoscopic biopsy specimens. The sensitivity of PARR for
histopathologic diagnosis was 100%, although the number
of samples was limited. PARR has been shown to be a
highly sensitive method, but it sometimes produces false
negative results if the clonality is not detected with the prim-
ers used, if the lymphoid neoplasia originates from natural
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killer cells or if the malignant cells are present in numbers
too low to be detected [1]. All the adenocarcinoma cases in
the present study produced negative PARR results. This
confirms that PARR does not detect tumors other than lym-
phoid neoplasias, even if the tumors possess tumor cells
containing the clonal gene, because the antigen receptor
genes of these other tumors are not rearranged.

The clonality of TCRy was detected in six enteritis cases.
Lymphoma was diagnosed cytologically during laparotomy
in two of these six cases. This suggests that PARR can
detect latent lymphoma cases that cannot be histopathologi-
cally diagnosed as lymphoma using endoscopic biopsy
specimens. In the present study, the pathologists did not
identify the specimens as lymphoma. This may have
resulted from subtle differences between the biopsy speci-
mens because they were taken from close, but not identical
lesions. Moreover, it has been reported that interobserver
variation and the quality of endoscopic biopsy specimens
influences histopathological outcome [19, 20]. Since the
endoscopic biopsy specimens were taken by several opera-
tors and evaluated by several pathologists, this may have
influenced the histopathological diagnoses obtained in the
present study. Recently, The World Small Animal Veteri-
nary Association Gastrointestinal Standardization Group
standardized the method for diagnosis of gastrointestinal
inflammation in endoscopic biopsy specimens from dogs
and cats [6]. It is important to use this protocol in future
studies.

Lymphoma was not diagnosed in the remaining four
cases. It is unknown whether they were true lymphomas
because they were not examined by laparotomy or autopsy.
Recently, we experienced a canine case that was histopatho-
logically diagnosed as LPE according to an endoscopic
biopsy specimen but was TCRy-positive according to
PARR. This dog did not respond to treatment (metronida-
zole, prednisolone and azathioprine) and was confirmed as
having LPE by autopsy (Kaneko and Okuda, unpublished
observations). False positive PARR results have been
reported for some infectious diseases, such as ehrlichiosis
[3] and Lyme disease. Therefore, it is possible that the
PARR results of the four TCRy-positive enteritis cases were
false positives. In order to clarify this, we cloned the PCR-
amplified products into a plasmid vector and performed

Table 1.  Comparison of the TCRy-positive and TCRy-negative cases in the enteritis
group
TCRy (+) n®  TCRy(-) n®) p value
Age? (years) 8.3+3.7 6 6.0+34 63 0.157
Clinical signs
Vomiting 5 6 38 63 0.398
Diarrhea 4 6 32 63 0.675
Anorexia 3 6 25 63 0.681
Lethargy 1 6 20 63 0.659
Effusion 0 6 4 63 1.00
Weight Loss 1 4 5 37 0.483
Albumin? (g/dl) 1.9+0.3 5 25+0.9 57 0.07

a) Continuous data is reported as the mean + standard deviation.
b) The number of cases whose data was complete.
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sequence analysis. However, we could not obtain their
sequences, probably due to their short lengths. We recently
showed that application of single-strand conformation poly-
morphism analysis (SSCP) for PARR provides clearer
results than conventional PARR because SSCP separates
different DNA sequences based on their single-strand sec-
ondary structure conformations, even if they are the same
length [7]. Use of both PARR and SSCP (PARR-SSCP
analysis) instead of sequence analysis may help to clarify
this point in the future.

In the enteritis group, the overall survival times were
compared between the TCRy-positive and TCRy-negative
cases. The survival time of the TCRy-positive enteritis
cases was significantly shorter than that of TCRy-negative
enteritis cases (p<0.0001; Fig. 1). The survival durations of
the two TCRy-positive cases diagnosed as lymphoma by
laparotomy were not shorter than the other cases (Fig. 1),
suggesting that the poor survival time was not attributed to
the two lymphoma cases. This result suggests that a TCRy-
positive result in enteritis cases implies a poor prognosis.
Other factors were also compared between the TCRy-posi-
tive and TCRy-negative enteritis cases (Table 1). Age, clin-
ical symptoms and serum albumin concentration were not
significantly associated with TCRy clonality, although some
parameters, including serum albumin concentration and
weight loss, have been reported to be prognostic factors of
inflammatory bowel disease and LPE [5, 12]. These find-
ings suggest that TCRy clonality was the only negative fac-
tor for survival time in the enteritis group. It has been
reported that the neoplastic lymphocytes of the canine ali-
mentary lymphoma usually originate from T cells [11] and
that canine T-cell lymphoma cases are associated with
shorter survival durations [14, 15]. However, the PARR
results of the four TCRy-positive enteritis cases could have
been false positives as described above. We could not elu-
cidate why TCRy-false positive enteritis cases would have a
poor prognosis (if this is the case).

LPE can occur adjacent to or distant from the primary
tumor [4, 18]. In addition, it is difficult to diagnosis lym-
phoma histopathologically when only a small number of
malignant lymphocytes are present among the normal lym-
phocytes and plasma cells. In contrast, PARR is able to
detect the clonality when 0.1-10% of the DNA is derived
from neoplastic cells [3]. Furthermore, LPE has been
described in basenjis that subsequently developed alimen-
tary lymphoma [2]. Therefore, the TCRy-positive results in
the enteritis cases may imply that PARR is capable of
detecting latent lymphoma or prelymphomatous changes in
endoscopic biopsy specimens. If a clonal TCRy gene is
detected in endoscopic biopsy specimens, even if the speci-
mens have been histopathologically diagnosed as enteritis,
additional examinations, including laparotomy or laparos-
copy, are recommended to search for latent alimentary lym-
phoma.

In conclusion, in the present study PARR was able to
detect alimentary lymphoma and latent alimentary lym-
phoma, which cannot be diagnosed histopathologically

using an endoscopic biopsy. Furthermore, the results sug-
gest that the presence of a clonal TCRy gene implies a poor
prognosis and a lymphoma or prelymphomatous change in
dogs suffering from enteritis. However, due to the small
numbers of lymphoma- and PARR-positive cases, the lack
of pathological standardization and the lack of uniformity in
treatment, further studies are necessary to confirm the rela-
tionship between TCRy clonality and prognosis.
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