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Rapid tumor death model for evaluation of new
therapeutic agents for adult T-cell leukemia
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Adult T-cell leukemia/lymphoma (ATL) is an aggressive T-cell neoplasm. The health of ATL patients rapidly
deteriorates resulting in death; however, the induction of death in a small animal model due to tumor has not yet
been reported. SCID mice, 5 weeks old, younger than those previously used, which were inoculated with ATL
cells, eliminated NK cell activity and showed rapid tumor formation resulting in death. Age is the crucial factor
influencing tumor formation and death in the SCID mice model for cancer.
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Human T-cell leukemia virus type I (HTLV-I), the
first human retrovirus isolated, is the causative
agent of adult T-cell leukemia/lymphoma (ATL).1,2

ATL is a rapidly aggressive, lethal disease and no
effective treatment yet exists. It has recently been
reported that the nuclear transcription factor, NF-
kB, plays a central role in oncogenesis induced by
HTLV-I.3 Therefore, NF-kB inhibitors are potential
candidates for the treatment of HTLV-I infections.
However, an appropriate animal model is required
to evaluate the inhibitory effects of any novel NF-kB
activation inhibitor on the progression of ATL. ATL
cells do not form tumors in nude mice, which are
widely used in cancer research. The severe com-
bined immunodeficiency (SCID) mice, lacking func-
tional T and B cells, were engrafted successfully
with leukemic cell lines from ATL patients or HTLV-
I in vitro-transformed cells.4–6 However, a long
period of time is required for tumor formation using
this system, and, in addition, well-characterized
HTLV-I-transformed cell lines did not engraft when
injected via the peritoneal route.7,8 Furthermore,

ATL patients progress to death rapidly, however, the
induction of tumor death in SCID mice injected with
ATL cells or HTLV-I-transformed cell lines has not
yet been reported. Here, we established a small
animal model appropriate for the assay of therapeu-
tic agents for the treatment of ATL, in which rapid
tumor formation and death is successfully induced
by using younger mice than in previous studies.

Materials and methods

Male C. B-17 scid/scid (SCID) mice, 4 weeks of age,
were obtained from Charles River Japan, Inc. (Tokyo,
Japan). The mice were maintained in laminar-flow
benches with controlled temperature (22721C), and
lighting (12 h light/dark cycles) under specific
pathogen-free conditions. They were fed with
mouse pellets that were sterilized by g-irradiation
and received hyperchlorinated water ad libitum.
After 1 week of preliminary care, mice at 5, 7, 9 and
11 weeks of age were used, and treated intraper-
itoneally with 1 mg of anti-murine interleukin-2
receptor (IL2R) b chain antibody9 in phosphate-
buffered saline (PBS) to reduce NK cell activity,
starting at 3 days before the MT-2 cell injection.
Then, the mice were injected intraperitoneally with
5� 107 cells of the HTLV-I-transformed human T-cell
line, MT-2.
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The mice injected with MT-2 cells were anesthe-
tized with ether and killed after 40 days, and their
blood was obtained by heart puncture. Peripheral
blood mononuclear cells (PBMC) were separated
using the Ficoll–Paque (Pharmacia, Uppsala, Swe-
den) gradient. High molecular weight cellular DNA
was extracted from PBMC, gross tumor, lung, liver,
spleen, mesenteric lymph nodes (MLN) and kidney
by standard procedures. To assess the growth of the
inoculated cells in the mice, 0.5 mg of the DNA from
various organs was subjected to polymerase chain
reaction (PCR) using the primers for the HTLV-I Tax
and human b-globin genes.10,11 The organs of the
mice died within 40 days after the MT-2 cell
injection were also examined for the presence of
both genes by PCR.

For histological examination, the tumors were
fixed in 10% formalin. Paraffin sections were cut
and stained with hematoxylin and eosin (HE).
Immunofluorescence assays were also performed
on the paraffin sections. These sections were
incubated with anti-HTLV-I p19 monoclonal anti-
body (Chemicon International, Inc., CA, USA), or
with anti-HLA-DR monoclonal antibody (INCSTAR
Co., MN, USA), followed by staining with FITC-
conjugated anti-mouse IgG (Cappel, NC, USA).

Results

Of 10 mice, eight (80%), inoculated with MT-2 cells
at 5 weeks of age, died within 30 days after
inoculation (Figure 1a). Of 10 mice, two (20%),
inoculated with the cells at 7 weeks of age, died,
whereas no mice injected with the cells at 9 and 11
weeks of age died. No control mice of any age,
inoculated with culture medium, died. The forma-
tion of gross tumors in peritoneal cavities or in other
organs was observed in all mice inoculated with the
cells at 5 weeks of age, in five of 10 (50%) mice
inoculated with the cells at 7 weeks of age, in two of
10 (20%) mice inoculated with the cells at 9 weeks
of age, and in none of the mice inoculated with the
cells at 11 weeks of age (Figure 1b). To confirm that
these tumors were derived from the inoculated cells,
PCR was performed to detect the HTLV-I Tax and
human b-globin genes. All of the tumors forming in
the mice were positive for both genes. Histological
examination of HE-stained sections revealed that the
tumor mass consisted of fibrosis tissues and a
diffuse distribution of lymphoid cells of various
sizes was observed. These findings were similar to
those reported previously.4,11 All tumors reacted
with anti-HTLV-I p19 and anti-HLA-DR monoclonal
antibodies in the immunofluorescence assays. No
gross tumors in control mice of any age were
observed.

In ATL patients, tumor cells infiltrate into various
organs. Thus, we attempted to detect the HTLV-I
Tax and human b-globin genes from various organs
in the mice inoculated with MT-2 cells (Table 1).
The organs in which both genes were detected
were considered positive. All organs tested were
positive in the mice inoculated with the cells at
5 weeks of age. The incidence of positive results in
the various organs was 100% of livers, 50% of
spleens, 50% of mesenteric lymph nodes (MLN),
50% of peripheral blood mononuclear cells (PBMC),
40% of kidneys and 30% of lungs. The incidence
of positive organs decreased as the age of the
mice, at the time of injection with the MT-2 cells,
increased. In mice inoculated with the cells at
11 weeks of age, only the livers were positive
(30% incidence), while all of the other organs

Figure 1 Survival curves (a) and the incidence of gross tumor
formation (b) in SCID mice injected with MT-2 cells at different
ages. All of the age groups, consisting of 10 mice each, were
treated with 1 mg of anti-murine IL-2R b chain antibody to reduce
NK activity, and inoculated intraperitoneally with MT-2 cells
(5� 107 cells/mouse) 3 days later.

Table 1 Detection of HTLV-I Tax and human b-globin genes in DNA obtained from various organs at different ages

Weeks of agea Organsb

Lung Liver Spleen MLN Kidney PBMC

5 3/10 (30) 10/10 (100) 5/10 (50) 5/10 (50) 4/10 (40) 1/2 (50)
7 0/10 (0) 8/10 (80) 0/10 (0) 0/10 (0) 3/10 (30) 0/8 (0)
9 0/10 (0) 5/10 (50) 0/10 (0) 2/10 (20) 0/10 (0) 0/4 (0)

11 0/10 (0) 3/10 (30) 0/10 (0) 0/10 (0) 0/10 (0) 0/3 (0)

a
Age at the injection of MT-2 cells.

b
Number of positive organs/number of tested organs; corresponding percentage given in parentheses.
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were negative. These results indicate that the HTLV-
I-transformed T-cell line, MT-2, could infiltrate
into various organs in 5-week-old SCID mice and
that the mouse may be a good animal model for
the analysis of infiltration of ATL cells into various
organs.

Discussion

In this report, we found that age is the crucial factor
influencing the induction of rapid tumor formation
and death in the SCID mice injected with MT-2 cells.
Using this model, the effect of new therapeutic
agents for ATL can be compared with each other,
both in vitro and in vivo, using the same cell lines.
The development of NK-cell activity is age-depen-
dent12,13 and this factor may partially explain the
rapid tumor formation and death in SCID mice
inoculated with MT-2 cells reported here. NK-cell
activity has been shown to play a key role in the
rejection of human lymphoid neoplasms in SCID
mice.7 Therefore, different methods to improve
the xenograft efficiency of ATL cells in SCID
mice, including g-irradiation, and the administra-
tion of anti-NK cell antibodies several times, were
performed by other workers, in order to reduce NK
cell activity.4,7 Recently, new immunodeficiency
mice, such as SCID/beige, lacking NK activity, and
NOD/SCID mice have become available for use
in the ATL model,14–17 but tumor death due to
intraperitoneally injection of HTLV-I transformed
cell lines does not occur in these mice, they are
difficult to maintain, and they require genetic
monitoring.

To date, the age of mice in this type of experiment
has received very little attention. The SCID mice
used in this report were 5 weeks old, younger than
those used previously, and a single treatment with
IL-2R b chain antibody TM-b1, 3 days prior to MT-2
cell injection, to eliminate NK-cell activity, appears
to be sufficient at this age to permit rapid tumor
formation and death in this model. In conclusion,
we propose the following animal model for the
evaluation of new therapeutic agents for adult T-cell
leukemia:

� 4-week-old SCID mice are used just after weaning
(preliminary care of 1 week).

� 1 mg of anti-murine IL-2R b chain antibody TM-b1
for the elimination of NK activity is used to
pretreat the mice once.

� After 3 days, 5� 107 MT-2 cells are inocu-
lated intraperitoneally into 5-week-old SCID
mice.

Finally, other cancer cell lines that did not engraft
in older SCID mice in previous reports, are likely to
grow using our proposed model of 5-week-old SCID
mice, treated to eliminate NK-cell activity at this
young age.
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