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Lymphoma

line
Autopsy at Tissue Immunophenotype Karyotype

Control cells Submandibular LN
*

CD4
+
CD8

-
(53%), CD4

-
CD8

+
(26%) n = 42; diploidy

SD1/90
***

15
th

 passage lymphoma CD4
-
CD8

-
42,X0; -3, +2 microsomes; pseudodiploidy

SD4/91
***

15
th

 passage lymphoma CD4
+
CD8

-
42,XX,11q+; pseudodiploidy

SD5/92
***

15
th

 passage lymphoma CD4
+
CD8

-
42,XX,der(11,13); pseudodiploidy

Primary disease Submandibular LN
*

CD4
+
CD8

-
42,XY,11q+ ;pseudodiploidy

1
st
 passage lymphoma CD4

+
CD8

-
42,XY,11q+; pseudodiploidy

SD7/95

10
th

 passage lymphoma CD4
+
CD8

-
42,XY,11q+; pseudodiploidy

Primary disease Submandibular LN
*

CD4
+
CD8

-
42,XY,11q+; hyperdiploidy (8%)

1
st
 passage lymphoma CD4

+
CD8

-
(18%) / CD4

-
CD8

-
(82%) hyperdiploidy, microchromosomes

SD8/96

10
th

 passage lymphoma CD4
+
CD8

-
(55%)/ CD4

-
CD8

-
(43%) 45,XY,der11, 2 mar; 43,XY, mar

Primary disease Submandibular LN
*

CD4
+
CD8

-
42,XX,11q+; pseudodiploidy

1
st
 passage lymphoma CD4

+
CD8

-
42,XX,11q+; pseudodiploidy

SD9/96

10
th

 passage lymphoma CD4
-
CD8

-
42,XX,der (7),der (11); pseudodiploidy

Primary disease Submandibular LN
*

CD4
+
CD8

-
(41%) / CD4

-
CD8

-
(47%) Nt

**
, not assessable

2
nd

 passage lymphoma CD4
+
CD8

-
(49%) / CD4

-
CD8

-
(50%) 42,XY,der (11); pseudodiploidy

SD10/96

5
th

 passage lymphoma CD4
-
CD8

-
42,XY,der (11); pseudodiploidy

Primary disease Submandibular LN
*

CD4
+
CD8

-
42,XY;

2
nd

 passage lymphoma CD4
+
CD8

-
42,XY;

SD11/97

5
th

 passage lymphoma CD4
+
CD8

-
43,XY,+11

Primary disease Submandibular LN
*

CD4
+
CD8

-
(36%) / CD4

-
CD8

-
(50%) Nt

**
, not assessable

2
nd

 passage lymphoma CD4
+
CD8

-
(26%) / CD4

-
CD8

-
(74%) 42,XX;

SD12/97

5
th

 passage lymphoma CD4
-
CD8

-
42,XX, der (11); pseudodiploidy

Primary disease Submandibular LN
*

CD4
+
CD8

-
42,XY, der (11); pseudodiploidy

2
nd

 passage lymphoma CD4
+
CD8

-
(26%) / CD4

-
CD8

-
(70%) 42,XY, der (11); pseudodiploidy

SD13/97

5
th

 passage lymphoma CD4
+
CD8

-
(29%) / CD4

-
CD8

-
(60%) 42,XY, der (11); pseudodiploidy

Primary disease Submandibular LN
*

CD4
+
CD8

-
42,XX; 42,XX,der(11); pseudodiploidy

2
nd

 passage lymphoma CD4
+
CD8

-
42,XX; 42,XX,der(2); 43,XX,+11; 43,XX,+11,der(2)

SD14/97

5
th

 passage lymphoma CD4
+
CD8

-
(51%) / CD4

-
CD8

-
(49%) 42,XX; 42,XX,der(11); 42,XX,der(2); 43,XX,+11, der(2)

* LN - lymph nodes
** Nt - in cellular suspension no convenient metaphases were found
*** Primary disease as well as 1

nd
 or 2

nd
 passage of lymphoma cells were not examined

Table 1. Description of the basic immunophenotype and karyotype of the set of 11 individual cases of SD lymphomas
The lymphoma cells have been examined by flow cytometry using mouse anti-rat CD4 (OX-8) and CD8 (OX-38) monoclonal antibodies, and cytogenetically by G-banding.

* LN - lymph nodes, ** Nt - in cellular suspension no convenient metaphases were found, *** Primary disease as well as 1st or 2nd passage of lymphoma cells were not examined
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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).
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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.

Acknowledgement

We gratefully acknowledge the excellent technical
assistance of Ms. Anna Kol·¯ov· and Dr. Jitka
Hanzalov·.

B. Otov· et al.224 Vol. 48

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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