
Abstract. More than a decade of experimental work in
an inbred subline of Sprague-Dawley rats having high
incidence of spontaneous T-cell lymphoma/leukaemia is
reviewed. Longitudinal follow-up of biological charac-

teristics (growth, survival, haematology) of both multi-
ple cases of primary disease and s.c. passaged lym-
phomas as well as comparative immunophenotypic and
karyotypic studies are concluded. In these T-cell lym-
phomas (mostly CD4 positive), arising on the same
genetic background of the inbred SD strain, the aberra-
tions involving chromosome 11 have been recognized as
a typical non-random cytogenetic marker. This unique
rat model of lymphoblastic lymphomas/leukaemias, rel-
evant to human pathology, seems to be very suitable for
testing different anticancer therapeutic strategies, as it is
documented by results of a number of various protocols
conducted in our laboratory.

Within all human malignancies, haematological neo-
plasms represent the cause of mortality and morbidity
in 5% and 3% of cases, respectively. During the last 30
years, marked improvement of the overall survival of
patients with haematological malignancies has been
observed. This is the result of the development of new
anticancer drugs and therapeutic strategies, as well as of
the growing knowledge about the biology and patholo-
gy of the different cell lineages. Many of these findings
have been obtained by using animal models. Malignant
lymphomas are neoplasms that arise from B, T or NK
cells at various stages of normal lymphocyte develop-
ment. The large number of different types and their
wide range of morphologic features reflect the com-
plexity of the haematopoietic system. Morphology, i.e.
histology and cytology, alone is not adequate to classi-
fication of malignant lymphomas. Additional
immunophenotyping performed by utilizing either flow
cytometry or immunohistochemical techniques is
a powerful tool for establishing the correct diagnosis.
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Cytogenetic methods such as classical G-banding and
fluorescence in situ hybridization (FISH) methods are
of special interest/advantage. Molecular genetic methods
are particularly useful for analysis of tumours in which
the histological and immunophenotypic data are not
conclusive.

In this article we review the results obtained in
a unique rat model of (non-Hodgkin) T-cell lineage-
derived lymphomas.

Spontaneous haematological malignancy in
the Prague inbred subline of Sprague-
Dawley rats ñ the history

The finding of haematological malignancies in the
Prague inbred line of Sprague-Dawley (SD) rats was
first reported in 1984 by KlÌr and co-workers. The dis-
ease occurred regularly in their animal facility in both
sexes, with the incidence of approximately 17 % in the
total rat population of the Prague inbred line of SD rats.
The disease has been investigated with respect to patho-
logical mechanisms of its development and trans-
plantability (Svoboda et al. 1989). Both haematological and
electron-microscopic analysis of peripheral blood lym-
phocytes (PBL) in terminally diseased animals and the
clinical course characterized the disease as acute lym-
phoblastic leukaemia type L2 (SD ALL) according to
the FAB classification. Solid lymphomas were formed
in young healthy syngeneic rats after s.c. inoculation of
either PBL, spleen cell suspension or submandibular
lymph node cells taken from terminally diseased rats.
Identical clinical features accompanied the progressive
in situ growth of subcutaneous secondary neoplasms as
they were noticed in the primary diseased rats. The pro-
gression of disease was accompanied by paralysis of
hind limbs, anaemia, and cachexia followed by infiltra-
tion of parenchymatous organs with neoplastic cells
(KlÌr et al. 1987, Svoboda et al., 1989).

Since 1991 until now the breeding of inbred
Sprague-Dawley rats has continued in the animal facil-
ity of our institute (SD/Cub) under conventional condi-
tions. Our SD/Cub strain is highly inbred due to
repeated brother-sister mating for all this time. The iso-
histogenicity of the strain has been proved by intra-
strain skin grafting (broad double-ring system).
Longitudinal study of the primary spontaneous and/or
secondary disease after transplantation of neoplastic
cells into the subcutis of SD/Cub rats allowed us to pre-
cisely define its clinical and biological parameters. This
highly defined model of haematological malignancy in
SD/Cub rats is believed to be a valuable in vivo model
for understanding malignant processes and its treat-
ment.

Incidence of disease
In the early 80ís, the original SD rat strain was char-

acterized by spontaneous occurrence of ALL in 17% of
animals of both sexes beginning at the age of 8 months
(KlÌr et al., 1984). Three independent longitudinal fol-
low-up studies on the incidence of spontaneous haema-
tological malignancy in ageing SD/Cub rats were
performed in our animal facility in three independent
sessions during the years 1995ñ1996 (Otov· et al.,
1997), 1996ñ1997 and 2000ñ2001. These studies
revealed an increased incidence of spontaneous disease
compared with the data published previously (KlÌr et
al., 1984). Figure 1a,b summarizes the data obtained
from three separate long-term studies of disease and
mortality incidence of SD/Cub rats.

In contrast to the original inbred SD rat strain, a sig-
nificant difference in the incidence of the disease was
found between SD/Cub males (87%) and females
(36%). Variation was not observed in the incidence of
disease only, but also in terms of the age of mortality.
The peak of mortality in SD/Cub males started from
month 6 to month 9 of age. However, in SD/Cub
females two peaks of mortality were found. The first
one at month 3, the second started from month 7 and
persisted to month 9. Compared with the data collected
in the early 80ís, in our study mortality occurred in both
sexes at a younger age.
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Fig. 1. Mortality of SD/Cub male [A], and female [B] rats
in consequence of spontaneous lymphoma ñ longitudinal
study



Animal models, in general, serve as appropriate exper-
imental tools for the understanding of human diseases. In
this article we have focused on haematological malignan-
cies spontaneously arising in rats; we have compared our
findings obtained in SD/Cub rats with the incidence of
spontaneous leukaemias/lymphomas in other rat strains.
Spontaneous haematological neoplasm incidences have
been described in several rat strains. Rarely, the precise
clonality has been reported. In Fischer 344 rats, the inci-
dence of spontaneous leukaemia/lymphoma was reported
to be relatively high (Haseman, 1983; Losco and Ward,
1984). Further investigation of the Fischer 344 model by
Haseman et al. (1998) revealed that the most frequently
occurring neoplasms were pituitary gland adenomas, tes-
ticular adenomas in males, and mammary gland fibroade-
noma in females; for mononuclear cell leukaemia,
different rates were found depending on the gender: 50.5%
in males compared to 28.1% in females. In Wistar rats, the
proportion of lymphomas did not exceed 6.9% in two sep-
arate studies (Walsh and Poteracki, 1994; Poteracki and
Walsh, 1998). Sporadic spontaneous transplantable acute
lymphatic leukaemia has also been described in the Lewis
rat (K¯emen et al., 1980), as well as one case of lymphoma
in inbred WAB/Not rats (Middle et al., 1981). In other sub-
strains of Sprague-Dawley rats (different from the inbred
Prague strain of Sprague-Dawley rats) lymphoma has
been observed in 0.65%, and the large granular lympho-
cyte lymphoma in 0.6% of the animals (Frith, 1988). In
aged Sprague-Dawley rats, the incidence of malignant
lymphocytic lymphoma has been reported to be 1.9%
(Chandra et al., 1992), while other authors (Zwicker et al.,
1992) did not report any primary lymphoma in 1435
examined Sprague-Dawley individuals. Finally, a signifi-
cantly increased incidence of lymphomas of B-cell origin
has been recognized in diabetes-prone BB rats (Seemayer
et al., 1982; Meehan et al., 1993).

From these data, it is obvious that the spontaneous
development of lymphomas of T-cell origin (vide infra)
in the highly inbred Prague strain of Sprague-Dawley
rats is rather unique.

Clinical features of the disease
Clinical symptoms of the end stage in primary dis-

ease included anaemia, cachexia, and relatively fre-
quent spinal cord paralyses (Otov· et al., 1993). At
autopsy, the majority of primary diseased rats showed
an enlargement of the submandibulary lymph nodes and
spleen; lymph nodes in other localizations were
enlarged only sporadically. The level of infiltration of
parenchymatous organs with lymphoma cells corre-
sponded well to the stage of clinical progression.
Subcutaneous administration of lymphoid cell suspen-
sions isolated from spontaneously diseased animals
resulted in in situ growing tumours in syngeneic recipi-
ents. The clinical and histopathological course of the
disease was similar in both primary and secondary dis-
eased rats (Otov· at al., 1997).

In order to further characterize these malignancies,
11 lymphomas were collected during the years 1990-
1997. Individual lymphomas were designated SD1/90,
SD4/91, SD5/92, and SD7/95 to SD14/97. The lym-
phomas were transferred by subcutaneous injection of
105 cells in 2-month-old SD/Cub males or females in
agreement with their original gender. As shown in Fig.
2, the average survival time, as observed in the group of
six recipients of each of these different SD lymphomas,
revealed marked variability. The mean survival time of
individual lymphoma lineages varied between 25 days
(SD8/96) and 70 days (SD1/90), respectively (Fig. 2).

As shown in Fig. 3a,b, the numbers of leukocytes of
some, but not all, ageing SD/Cub rats were increased at
the terminal stage of disease in peripheral blood. This
was due to an increased number of lymphocytes; lym-
phoblasts were not present in the examined samples of
peripheral blood (Fig. 3a,b). Haematological examina-
tion of recipients of three different subcutaneously
growing tumours also revealed increased numbers of
total leukocytes, as well as total lymphocytes, in the
peripheral blood (Fig. 4a,b).
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Morphology
For light microscopy, lymphoma samples were fixed

in 10% buffered formaldehyde, routinely processed
and embedded in paraffin. Tissue sections were stained
with haematoxylin and eosin and Giemsaís stain. Ten
out of 11 examined lymphomas consisted of medium-
sized lymphoblastic cells with scanty, moderately
basophilic cytoplasm. The nuclei showed inconspicu-
ous nucleoli and had fine chromatin (Fig. 5). However,
in SD1/90 lymphoma there was, apart from these
medium-sized cells, an admixture of large
immunoblastic cells. These immunoblasts had moder-
ately abundant cytoplasm, oval nuclei with coarse
chromatin and large nucleoli (Fig. 6) (Otov· et al.,
1999a; Bobkov· et al., 2000).

Electron microscopy revealed retrovirus-like parti-
cles in the lymphoma cells. Retrovirus-like particles
were present in lymph node cells of primary diseased
rats and in the lymphoma cells isolated from the first
passage of malignant cells into the subcutis of syngene-
ic animals. Furthermore, an enzyme with reverse tran-
scriptase activity has been isolated from the neoplastic
cells. These findings support the idea of a retroviral ori-
gin of the neoplasms (Schramlov· et al., 1994).

Human adult T-cell leukaemia/lymphoma (ATLL) is
a postthymic lymphoproliferative neoplasm of T cells
caused by human T-cell lymphotropic virus (HTLV-1).
Clinically, human ATLL is characterized by lymph-
adenopathy (70%), splenomegaly (31%), hepatomegaly
(27%), skin lesions (41%), hypercalcaemia (74%) and
trombocytopenia (17%). ATLL is usually present in two
major clinical forms: a) leukaemia (75%) either acute,
chronic or smouldering, and b) lymphoma (25%). A retro-
spective review of human ATLL samples from 1990 to
2000 showed the presence of a polymorphous population
of lymphocytes ranging from small bland-appearing
lymphocytes to large atypical ones with bizarre, multi-
lobulated nuclei with coarse chromatin and prominent
nucleoli. The cytoplasm was deeply basophilic, with
occasional vacuoles. The tumour cells in all cases tested
were positive for CD2, CD3, CD4, CD5, and CD25 and
were negative for CD7, CD8, CD16, CD56, CD57
(Dahmoush et al., 2002). The incidence of familiar
ATLL in endemic regions such as Japan, the Carribean
region, and North and South America has also been
reported. The disease was accompanied with HTLV-1
positivity (Prates et al., 2000). Recently, a case of
human ATLL unrelated to HTLV-1 was announced
(Nakase et al., 2000). The phenotype of tumour cells
revealed CD7+, CD5+, CD3+, WT31-, CD4-, CD8-,
CD25-, and the karyotype showed a 5q-, and a t(12;18).
HTLV-1-unrelated ATLL is a very rare disease in the
human population.
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Immunohistochemistry
The proteins p53, p21WAF1/CIP1, MDM2 and Bcl2, all

known to be involved in cell-cycle regulation and/or
cell survival, were visualized immunohistologically
using an avidin-biotin peroxidase complex technique
LSAB2 kit (DAKO, Glostrup, Denmark). Sections from
paraffin blocks were used for examination. The anti-
bodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). The evaluation of positive cells was
estimated randomly in 50 high-power fields using the
image analysis system LUCIA G (Laboratory Imaging
Ltd., Prague, Czech Republic).

The expression of the Bcl2 protein was found in all
11 examined lymphomas. This corresponds very well
with the bcl2 oncogene survival-promoting function.

Expression of p53 was detected in only one (SD1/90) of
the lymphomas (Otov· et al., 1999a; Bobkov· et al.,
2000). Since it is impossible (under the common condi-
tions in cycling cells) to visualize the wild-type (wt)
form of p53, the recognized form in SD1/90 represents
the mutant form of the TP53 gene. Finally, a certain
number of p21-positive cells was detected in the p53-
negative SD10/96 lymphoma. The detection of the p21
protein indirectly shows the growth-suppressing activi-
ty of the wt p53 protein in lymphoma cells, since the wt
p53 is the transcriptional factor of the p21WAF1/CIP1

gene, which inhibits cell cycling. The expression of the
protein MDM2, which allows cells to recover from G1
arrest as induced by p53, was not observed in any of the
examined lymphoma samples (Bobkov· et al., 2001).
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Fig. 5. Morphological appear-
ance of SD7/95 lymphoma
Uniform medium-sized lym-
phoblastic cells containing large
nuclei with fine chromatin
structure (Giemsa, original
magnification 160x)

Fig. 6. Morphology of SD1/90
lymphoma
Predominating population of
medium-sized lymphoblastic
cells with large nuclei and fine
chromatin structure with the
admixture of large immunoblas-
tic cells with pale oval nuclei
containing large nucleoli
(Giemsa, original magnification
160x)



Immunophenotyping
Originally, four individual spontaneous SD/Cub

haematological neoplasms, repeatedly passaged subcu-
taneously for a long period in our laboratory, were used
to examine their antigenic profile by immunofluores-
cent microscopy. The absence of sIg and MHC class II
determinants (OX-3; OX-6) and positive reaction with
anti-T-cell monoclonal antibodies (OX-7 ñ Thy
1.1/CD90; W3/13 ñ leukosialin/CD43) determined the
T-cell origin of these four lymphomas (Otov· et al.,
1988).

More recently, the immunophenotype of a set of 11
randomly chosen SD/Cub lymphomas was investigated
by flow cytometry. The cells examined included: a)
cells isolated from submandibulary lymph nodes of pri-
mary diseased rats, and b) lymphoma cells grown after
passage into the subcutis of syngeneic recipients. At
first, the screening was performed using mouse anti-rat
CD4 (OX-8) and CD8 (OX-38) monoclonal antibodies
(PharMingen, San Diego, CA) to describe the basic
immunophenotype of the lymphoma cells. The
immunophenotype of submandibular lymph node cells
of primary diseased rats was analysed in eight of the 11
lymphomas. Submandibular lymph node cells as well
as the 1st/2nd passage of three rats were not examined
(SD1/90, SD4/91, and SD5/92).

In primary disease (as shown in Table 1), six out of
eight primary lymphomas/disease were CD4+CD8-, in
the two other cases (SD10/96 and SD12/97), a mixture
of CD4+CD8- and CD4-CD8- double negative lymphoid
cells was present. However, the presence of these
CD4+CD8- lymphoid cells was lost in lymphoma
SD9/96 (CD4-CD8- immunophenotype) upon repeated
passage of neoplastic cells in young healthy SD/Cub
recipients. On the other hand, repeated passage of neo-
plastic cells resulted in the appearance of CD4-CD8-

double negative lymphoid cells alongside the
CD4+CD8- lymphoid cells (Table 1) in three lym-
phomas (SD8/96, SD13/97, and SD14/97).
Furthermore, one of the three lymphomas that was only
analysed after the 15th passage (SD1/90) consisted of
only CD4-CD8- double negative cells; CD4+CD8-

markers were present on the surface of both SD4/91 and
SD5/92 lymphomas.

Next, the 11 lymphomas were examined in more
detail by flow cytometry using a panel of monoclonal
antibodies specific for T-cell markers including adhe-
sion and activation molecules according to the method
described by Homma et al. (1977). In agreement with
previous findings, they were immunophenotyped as
T cells based on the concomitant expression of CD5,
CD43, and with one exception (SD4/91), CD90.
However, none of the lymphomas expressed TCRαβ.
Eight lymphomas were CD4 single positive, and three,
SD1/90 (15th passage), SD12/97 (2nd passage) and
SD13/97 (2nd passage), were double negative. With

respect to adhesion and activation molecules, all lym-
phomas expressed CD54 and RT1.A (MHC class I), but
none expressed CD11b, CD25, CD28, CD 134 or RT6.
Heterogeneity was observed for several other markers:
SD8/96 was positive for CD11a; SD11/96 and SD12/97
were slightly positive for CD45RC. SD14/97, being
positive for CD11a, CD45RC, and especially
RT1.B/RT1.D, was phenotypically the most interesting
lymphoma (Otov· et al., 1999c). The phenotype of
a representative lymphoma as well as the heterogeneity
of the lymphoma phenotype is shown in Fig. 7a,b.

We conclude that our longitudinal flow cytometry
follow-up identified all haematological neoplasms of
SD/Cub rats as T-cell lymphomas with only minor phe-
notypical heterogeneity.

Cytogenetics
The set of 11 individual cases of SD lymphomas has

also been studied cytogenetically. Chromosome studies
were performed on preparations of either submandibu-
lar lymph node cells and/or s.c. growing lymphomas
using common cytogenetic methods. For detailed kary-
ology, G-banded preparations were used. The detailed
description of chromosome rearrangements in individ-
ual lymphomas has been described before (Sladk· and
Otov·, 1994; 1998).

Metaphase cells in 10 neoplasms possessed chromo-
some numbers near diploidy, most of them being pseu-
dodiploid with one or two constant chromosome
markers. SD8/96 lymphoma contained a hyperdiploid
number of chromosomes already in cells isolated from
submandibular lymph nodes. The hyperploid number of
chromosomes was still present after ten passages. The
most frequent chromosomal changes involved chromo-
some 11, where the translocation form of trisomy 11 or
der(11) (the latter one previously designated as 11q+
aberration) was observed. Chromosome 11 abnormali-
ties were found in all 11 lymphomas studied, suggest-
ing thus to be a non-random change (Table 1). In five
cases this aberration was already found in submandibu-
lar lymph node cells of primary diseased rats. The
q arm of chromosome 11 (q11q12) is supposed to be the
critical region involved in the genesis or progression of
SD lymphomas (Fig. 8a,b). These results are in agree-
ment with our previous observations in nine cases of
SD ALL (Sladk· et al., 1988).

Detailed gene mapping of the rat chromosome
11(q11q12) region is not yet available. So far, no spe-
cific rat gene or homologue to classical mouse or
human genes involved in carcinogenesis is known to
map to this specific region. In proximity to this region
there have been provisionally mapped genes (Cd80,
Ets2, Igl, Mox2, and Vpreb1) whose mouse or human
homologues are involved in haematopoietic cell differ-
entiation, possibly having the oncogenic potential
(Ushijima, 2002).
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Fig. 7. Immunophenotype of haematological neoplasms in SD/Cub rats
Histograms represent the expression of the respective markers of a representative lymphoma (SD9/96) next to the phe-
notype of normal lymph node T cells derived from SD/Cub rats [A]. Heterogeneity of the lymphomas is shown in [B]
for the relevant lymphomas and markers. Solid lines represent the expression of the respective marker, whereas the dot-
ted lines represent the isotype controls.



Aetiology of haematologic malignancies in
the SD/Cub strain

As already mentioned above, a retroviral infection is
suspected to be involved in the high incidence of lym-
phoma in the Prague SD/Cub inbred strain. Since the
onset of disease differs in terms of age between male
and female animals, as well as between the SD/Cub
strain and the original SD strain, we have examined the
effect of ageing on the immune system of SD/Cub rats
as compared to lymphoma-resistant Lewis rats. Hereto
the thymus was analysed for thymic weight, CD4/CD8
single positive mature thymocyte ratio, and the pres-
ence of TCRhigh thymocytes as already described by
Homma (Homma et al., 1997). Furthermore, peripheral
T cells were analysed for the absolute number in the
submandibular and mesenteric lymph nodes, the
CD4/CD8 T-cell ratio, and the phenotypically deter-
mined Th1/Th2 ratio as described by Beijleveld
(Beijleveld et al., 1996). The results are presented in
Fig. 9a,b and reveal that the age-dependent involution
of the thymus, as concluded from the thymic weight
and percentage of TCRhigh thymocytes, is somewhat
retarded in the SD/Cub rats as compared to Lewis rats
(Fig. 9a). Especially in the first half year of life, the
SD/Cub rats have a lower Th1/Th2 ratio (Fig. 9b). Since
Th1 cells are considered to be involved in the immuno-
surveillance for malignancies, the relatively low
Th1/Th2 ratio in SD/Cub rats may be a facilitating fac-
tor for the outgrowth of the retrovirally induced haema-
tologic neoplasms early in life of this rat strain.

Incidence of other malignancies in the
SD/Cub strain

During the longitudinal search for lymphoma inci-
dence in the Prague SD/Cub inbred strain we found two

spontaneous tumours that differed from the clinical fea-
tures of haematological malignancy in SD/Cub rats.
Both of them grew subcutaneously; the first case in the
axilla, the second in the area of the neck.

In case 1, the tumours microscopically showed
mixed patterns, with a dominant component of eccrine
spiradenoma, with variable proportions of a cylindro-
matous component and foci of less differentiated solid
carcinoma (Fig. 10a,b). The suspension of primary
tumour cells was transplanted into the subcutis of syn-
geneic rats and histologically examined again after the
third passage. The structures of prevalently solid carci-
noma with occasional tubular structures predominated
in the third passage of this tumour (Fig. 11a,b).

The tumour in case 2 was microscopically composed
of a mixture of fibroadenoma with the areas of adeno-
myoepithelioma (Fig. 12a,b). The passaging of this
tumour to syngeneic rats was unsuccessful.

SD lymphomas ñ a tool for testing various
anticancer strategies

SD lymphomas of T-cell origin were repeatedly used
with success for various experimental testing of several
antitumour therapy strategies. During the last few years,
we have used SD T-cell lymphomas to investigate the
promising antitumour potency of a prospective group of
the acyclic nucleotide analogues: 9-[2-(phosphono-
methoxy)ethyl] derivatives of adenine (PMEA), 2,6-
diaminopurine (PMEDAP), and guanine (PMEG) (Otov·
et al., 1997), and N6-substituted 2,6-diaminopurine
(Valeri·nov· et al., 2001). For description of these com-
pounds see reviews Hol˝ (1993); Naesens et al. (1997).

The mechanism of the antiproliferative effect of
PMEA, PMEDAP, and PMEG was investigated in
detail. These nucleotide analogues are phosphorylated
by cellular kinases to their diphosphates (analogues of
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Fig. 8. G-banded metaphases obtained from SD lymphomas: [A] SD10/96 lymphoma, [B] SD9/96 lymphoma
Variation in the most frequent rearrangement of chromosome 11 termed as der(11q); critical region 11q (q11-q12). The
arrows mark the homologous pair of chromosomes 11; short arrow ñ normal shape, long arrow ñ acquired aberration.

A B



nucleoside-5í-triphosphates) (Kramata et al., 1995;
Birkuö et al., 1998; Birkuö et al., 1999), which inhibit
replicative DNA polymerases (Kramata et al., 1996;
Birkuö et al., 1998; Birkuö et al., 1999).

A dose- and time-dependent ability of PMEDAP to
induce apoptosis in treated subcutaneously growing
lymphomas was observed (Otov· et al., 1999a;
Bobkov· et al., 2000). The antitumour effect of PMEA

and/or PMEDAP was highly significant at the begin-
ning of treatment. Decreased progression of lymphoma
growth lasted only during the administration of the
compound(s), but with diminishing effect. After drug
cessation, progression of neoplasia was re-established.
The failure in the single therapy with PMEDAP could
be overcome by combined therapy with docetaxel
(Bobkov· et al., 2001).

B. Otov· et al.222 Vol. 48

Fig. 9. Effect of ageing on the T-cell compartment of SD/Cub and Lewis rats
Age-dependent changes in the thymus [A] and the peripheral lymph nodes [B] are determined by measuring the thymic
weight ([A], upper diagram), CD4/CD8 single positive, mature thymocyte ratio ([A], middle diagram), percentage of
TCRhigh thymocytes ([A], lower diagram), absolute number of lymph node T cells ([B], upper diagram), CD4/CD8 T cell
ratio in peripheral lymph nodes ([B], middle diagram), and the phenotypically determined Th1/Th2 ratio in peripheral
lymph nodes ([B], lower diagram). Solid lines represent the data obtained from Lewis rats; dotted lines represent the data
obtained from SD/Cub rats.



SD lymphomas were also used as a model system to
investigate the therapeutic effect of local administration
of recombinant murine interleukin-2 (IL-2) or heat
shock (Otov· et al., 1996; 1999b). The anticancer effect
of heat shock, either alone or in combination with the
drug PMEDAP, was studied in SD/Cub s.c. growing
lymphomas. A significant anticancer effect was induced
by repeated sessions of heat shock. Much stronger ther-
apeutic effects were observed when combined with
PMEDAP (Otov· et al., 1999b). In IL-2-treated rats, the
lymphomas exhibited weight reduction, large necrotic
areas, and no dissemination of neoplastic cells into
parenchymatous organs was revealed. Thymus hypopla-
sia was a constant picture of the histopathology. The
CD4+/CD8+ ratio showed temporary reduction of CD4+

and increase of CD8+ cells in IL-2-treated rats (Otov· et
al., 1996).

Conclusion
Our longitudinal clinical, histopathological, and

haematological examination combined with the flow
cytometric follow-up has changed our original view on
the disease in the Prague inbred subline of Sprague-
Dawley rats. The disease previously described as acute
lymphoblastic leukaemia (KlÌr et al., 1984, 1987; Svo-
boda et al., 1989) has been reclassified. All SD/Cub rat
haematological malignancies investigated in the period
1990-2001 appeared to be T-cell derived lymphomas
with a leukaemic phase in end-stage disease. In primary
disease, non-random chromosomal markers have been
found in lymph node cells only, and have definitely not
been detected in bone marrow. In rats with s.c. inocu-
lated lymphomas, the bone marrow infiltration has
been reported only in end-stage disease, paralleling the
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Fig. 10. Structures of eccrine
spiradenoma predominating
within a primary tumour [A],
solid nests of epithelial cells of
the carcinomatous component
of the tumour [B], SD/Cub
female rat (H&E, magnification
100x)



infiltration of parenchymatous organs. The onset of the
disease is earlier when compared to the data obtained in
1984. Also, the incidence of disease increased from
17% to 87% in the male population and 36% in the
female population, respectively. These differences
might be due to the further inbreeding of the SD strain
in comparison to the original strain.

Our highly defined SD/Cub rat model of haemato-
logical malignancy can serve as a relevant model of
human haematological neoplasia, since the T-cell lym-
phomas obtained in our model exhibited similar pheno-
typic markers as have been found in some human adult
T-cell leukaemias/lymphomas.

In summary, the highly inbred Prague strain of
Sprague-Dawley rats with regular incidence of sponta-
neous T-cell lymphomas represents an animal model of
human haematological malignancies. Our experiments

have revealed that the SD/Cub lymphomas exhibit sev-
eral basic phenotypic characteristics similar to human
T-cell lymphomas. To elucidate the basic principles of
malignant transformation of T lymphocytes, the inves-
tigation of spontaneous T-cell lymphomas in SD/Cub
inbred rats (Prague subline) will continue by methods
of molecular genetics. This unique breed can also serve
as a relevant model for investigating the development of
malignant transformation of T cells as well as for test-
ing the anticancer effect of new compounds.
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Fig. 11. Third passage of the
tumour presented in Figure 10
Solid nests of carcinoma [A],
irregular tubular structures
within the carcinoma [B],
SD/Cub female rat (H&E, mag-
nification 200x)
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