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Lymphoma induction in rabbits by an unknown factor derived from an HTLV-H-producing simian
(Cynomolgus) leukocyte cell line (Si-IIA) is reported. Thirteen of 17 male Japanese white rabbits
(76%) inoculated intravenously with Si-IIA cells developed malignant lymphema including Hodgkin-
like lymphoma between 62 and 167 days after inoculation. Histologically, there was extensive diffuse
or nodular infiltration of either large cell type or mixed type lymphoma cells in many organs,
frequently involving the spleen, liver, lymph nodes and kidneys, and less frequently the thymus, bone
marrow, lungs, heart, skin and gastrointestinal tract. Hodgkin-like lymphoma was also observed in
two rabbits. Chromosomal analysis of five cell lines established from tumor-bearing rabbits revealed
the male rabbit karyotype. The immunophenotype of these tumor cells was usually T-cell (CD5* = -,
RT1", RT2* " ~, CD45*, CD4~, RABELA~ and MHC class II-DQ™) except for Hodgkin-like
lymphoma cells which expressed only CD45. However, integration of the HTLV-II provirus genome
could not be demonstrated in the tumor tissues or any of the rabbit cell lines by polymerase chain
reaction or Southern blot analysis. Moreover, no lymphoma was induced by inoculation of HTLV-
IIC, MOT (other HTLV-II-producing human cell lines} or TALL-1 (control), Two of four rabbits
injected with cell-free pellets from Si-ITA cultures died of malignant lymphoma (15-20 days). Five
irradiated rabbit cell lines were inoculated but only one (Ra-SLN) induced lymphoma in 1 of 3 rabbits
at 27 days. Neither Herpesvirus saimiri nor Herpesvirus ateles (simian oncogenic viruses) was detected
in Si-IIA cells by immunofluorescence testing, These data suggest that the high rate of lymphoma
induction in rabbits may be cansed not by only HTLV-II or well known simian oncogenic viruses, but
rather by an unknown passenger agent derived from Si-IIA or HTLV-IIA, with which Si-IIA was
established.
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Human T cell lymphotropic virus type II (HTLV-II)
was initially isolated from a patient with a T cell variant
of hairy cell leukemia® and has subsequently been iso-
lated only sporadically in malignancy? or in non-malig-
nant maladies.” Recently, a high rate of HTLV-II infec-
tion has been noted among intravenous drug users* and
in patients with acquired immunodeficiency syndrome
(AIDS),” HTLV-I associated myelopathy (HAM)/trop-
ical spastic paraparesis (TSP)® and in some geographic
populations,” HTLV-II infection has also been detected
in a patient with large granular lymphocyte leukemia®
and in one of nine patients with mycosis fungoides.”
However, the etiological role of HTLV-II remains ob-
scure.

¢ To whom correspondence and reprint requests should be sent.
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We previously established an HTLV-II-producing
CD8" T cell line (HTLV-IIA) by cocultivating leuko-
cytes from a 35-year-old white male intravenous drug
abuser with those from a healthy Japanese woman.'® We
also established an interleukin-2 (IL-2) dependent
HTLV-II-producing CD4" T cell line (HTLV-IIC) by
cocultivating leukocytes from a 54-year-old black male
with those from a healthy Japanese woman.'" A simian
(Cynomolgus monkey) leukocyte cell line, Si-IIA, was
established by cocultivation with HTLV-IIA cells,” and
Si-IIA again immortalized human T cells.'> ' Further-
more, HTLV-II-specific polyclonal and monoclonal anti-
bodies were developed against a synthetic oligopeptide of
an HTLV-II envelope protein.'™'®

In this study, we induced malignant lymphomas in
Japanese white rabbits by intravenous inoculation of



HTLV-I-producing simian leukocyte cell line (Si-1IA)
cells, and obtained results indicating that the induction
may not be directly associated with HTLV-II infection.

MATERIALS AND METHODS

Inoculation of cells and pellets from culture supernatants
Specific-pathogen-free maie Japanese white rabbits (2-3
kg in weight, obtained from Japan LAMB, Hiroshima),
in which spontaneous malignant lymphoma development
has never been observed, to our knowledge, were in-
oculated intravenously with 1.0 10% te 1.0 < 108 cells or
the pellet from 400-1100 ml of supernatant (Table I}.
HTLV-II-producing simian (Si-IIA), or human (HTLV-
IIC and MOT") leukocyte cell lines and an HTLV-
unifected cell line (TALL-1} were all lethally irradiated
(100 Gy, 7 irradiation) before inoculation, and the effec-
tiveness of irradiation was verified by failure of the cells
to grow in culture. Culture supernatants obtained from
Si-IIA culture (5 X 10° cells/ml) were first centrifuged at
8,000g for 30 min to remove cell debris (Hitachi Himac
CR20, Tokyo) and then at 100,000g for 60 min to obtain
the pellets (Hitachi Himac Centrifuge SCP85H).
Immunization of rabbits with an HTLV-II-specific
oligopeptide Seven rabbits were immunized subcutane-
ously with complete Freund’s adjuvant and a KLH-
conjugated synthetic oligopeptide (1 mg at the first, and
500 ug at the second and subseguent immunizations)
corresponding to the amino acids 171-196 of the HTLV-
1 envelope protein, which is a specific region for HTLV-
1L Immunization was performed four or seven times at
2-week intervals.

Establishment of tumor cells in culture Establishment of
tumor cell lines was tried from eight tumors (4 rabbits)
and peripheral blood leukocytes (PBL) (1 tumor-bearing
rabbit) and from normal-appearing spleens and PBL
from 3 non-tumor-bearing rabbits as controls. The cells
from minced tumor tissues or the normal-looking spleens
were allowed to grow in plastic tissue flasks with RPMI-
1640 medium supplemented with 10% fetal calf serum
and antibiotics and cultured at 37°C in a humidified
atmosphere (5% CO;). Half of the medium was
replenished every 3—4 days.

Morphology Tumor-bearing rabbits appearing ill were
killed with intravenous injection of pentobarbital sodium
{ Abbott Laboratories, USA). All animals were killed by
the end of 7 months. Samples from heart, lungs, spleen,
liver, kidneys, thymus, lymph nodes, bone marrow {ver-
tebra, sternum and femur), skin, muscles and gastroin-
testinal tract were examined histologically for the pres-
ence of microscopic tumors in all of the rabbits studied.
Sections of formalin-fixed paraffin-embedded tumor
tissues were stained with hematoxylin-eosin and observed
by light microscopy. The cultured cells were observed by
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phase-contrast microscopy. For electron microscopy, the
tissues or cultured cells were fixed in phosphate-buffered
39 glutaraldehyde overnight at 4°C, postfixed in 1%
osmium tetroxide for 1 h at 4°C, dehydrated in a series of
ethanol rinses, and embedded in an epoxy resin. Ultra-
thin sections were stained with uranyl acetate and lead
citrate and then examined with an electron microscope
(JEM 1200 EX-II, JEOL, Tokyo).

Phenotypie analysis Paraffin-embedded tissue sections
or cytocentrifuged smears were immunostained by the
avidin-biotin-peroxidase complex (ABC) method
(immuno mark biotin avidin universal kit; ICN Bio-
chemical, USA) or the peroxidase antiperoxidase (PAP)
method using antibodies to rabbit CD45, CD5, CD4,
MHC class II DQ (Serotec, Oxford, England), RT1, RT
2 (antibodies to rabbit T cells, Cedarlane Laboratories,
Canada) or RABELA (rabbit bursal equivalent lympho-
cyte antisera, Cedarlane Laboratories). Tumor specific
antigen (T antigen) was examined immunohistochemi-
cally in acetone-fixed rabbit lymphoma cell line cells
using sera from tumor-bearing rabbits as a primary anti-
body and the ABC method.

Chromosomal analysis Chromosomal analysis of the cul-
tured cells was performed by the Q-banding technigue.!”
Detection of anti-HTLV-II antibodies Sera were ex-
amined by means of the particle agglutination test
(SERODIA-HTLV-I, Fujirebio, Tokyo), which can also
detect anti-HTLV-II antibodies because of antigenic
cross-reactivity due to the high amino acid sequence
homology between HTLV-1 and HTLV-IIL.

PCR and Southern blot analysis To detect the HTLV-II
provirus genome in tumor tissues, cultured cells or pe-
ripheral blood leukocytes (Experiment 1-3 in Table I),
DNA was analyzed by polymerase chain reaction
(PCR), combined with a digoxigenin enzyme-linked im-
munosorbent assay (ELISA) method.'"” HTLV-IIA or
Si-IIA cells were used as the positive control, and pe-
ripheral leukocytes of a healthy adult human or rabbit
were used as the negative control. Extracted DNA was
subjected to 30 cycles of PCR amplification using the
following primer pairs: SK58 and SK59 (pol of HTLV-
IT), SK110 and SK111 (pol of HTLV-II) (Vienna Lab.,
Austria), TLV-127 and TLV-128 (env of HTLV-II) or
TLV-131 and TLV-132 (tax of HTLV-II) (Genemed
Biotechnologies, USA). The reaction mixture was size-
fractionated by 1.2% agarose gel electrophoresis, trans-
ferred to a nylon membrane, and hybridized with
DNA probes complementary to the HTLV-II DNA
sequence'®: SK60 (pol), SK188 (pol) (Vienna Lab.),
TLV-217 (env), and TLV-219 (tax) (Genemed Biotech-
nologies), respectively. For Southern blot analysis, the
DNAs were digested by EcoR1 or BamHI and hy-
bridized with a *P-labeled DNA probe complementary
to a BamHI-HindIII fragment (1.4 kbp) in a pX region
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of HTLV-II (kindly donated by Dr. K. Shimotohno,
National Cancer Center Research Institute, Tokyo).
Reverse transcriptase (RT) assay RT activity in the
pellets obtained by ultracentrifugation (100,000g, 60
min) from the culture supernatants of five newly estab-
lished rabbit cell lines was assayed with a non-radioactive
reverse transcriptase assay ELISA kit (Boehringer-
Mannheim, Germany). Supernatants from Si-IIA and
MT-2 cultures were used as positive controls, and those
from MOLT-4 and TALL-1 as negative controls.
Screening tests for simian oncogenic viruses in the Si-ITA
cell line a) Immunofluorescence (IF) test: The IF test
was used for detection of viral antigens of simian onco-
genic viruses: simian T-cell leukemia virus (STLV-I),

Epstein-Barr-related virus from a cynomolgus monkey
(Cyno-EBYV), Herpesvirus saimiri and H. ateles. Si-IIA
cells were smeared on the slides, air-dried for over 30 min
and fixed in acetone for 10 min at room temperature. The
fixed cells were then incubated for 1 h at room tempera-
ture with simian antibody-positive sera against STLV-I,
Cyno-EBV  (Tsukuba Primate Center, Ibaraki), H.
saimiri or H. ateles (Virus Reference Laboratory Inc.,
USA) and antibody-negative sera from a healthy monkey.
After rinsing three titnes with phosphate-buffered saline
(PBS), the slides were incubated with fluorescein iso-
thionate (FITC)-labeled anti-monkey IgG (Cappel, USA)
for 30 min. Then the slides were washed three times with
PBS and examined with a fluorescence microscope.

Table I. Summary of Inoculations, Survival Times, and Pathologic Findings
Experiment Rabbit Inoculum inoi‘:ﬁ:;:; a(f":tlz;’s) Pathologic findings
1 R-C Si-lIA, 1x108 119 ML
R-D Si-I1A, 1 X108 159 [k] ML
R-G Si-11A, 8% 107 180 [k] NSL
R-H Si-I1A, 1 X107 202 [k] NSL
R-K Si-IIA, 6107 83 [k} ML
R-L Si-IIA, 1108 90 ML
R-X Si-I1A, 3X10° 128 ML
R-Y Si-IIA, 3 10° 111 ML
R-g Si-IIA, 3108 62 ML
R-h Si-IIA, 3 X 108 167 ML
2 R-A (Peptide + CFA) X7 — Si-IIA, 7X107 180 [k] NSL
R-B (Peptide+CFA) X7 — Si-ITA, 7X 107 200 [k] NSL
R-8 {Peptide+CFA) X4 — Si-IIA, 3 X 10¢ %0 ML
R-T (Peptide+-CFA) X4 — Si-IIA, 3 <108 150 [k] ML
R-Z (Peptide+ CFA) X 4 — Si-IIA, 3 <108 69 ML
R-a (Peptide+CFA) X4 — 8i-IIA, 3 X 10 70 ML
R-b (Peptide+CFA) X4 — Si-IIA, 3X10° 172 [k] ML
3 R-14 HTLV-IIC, 1108 181 [k] NSL
R-15 HTLV-IIC, 1x 108 177 [k] NSL
R-16 HTLV-IIC, 1 X10¢ 173 [k] NSL
R-19 HTLV-IIC, 510" 168 [k} NSL
R-24 HTLV-IIC, 5 10° 151 [k] NSL
4 R-40 MOT, 1 x1¢/ 122 [k] NSL
R-41 MOT, 1x107 122 [Kk] NSL
R-42 MOT, 1x107 122 [k] NSL
R-43 MOT, 2 X107 121 [k] NSL
R-44 MOT, 5x107 121 [k] NSL
5 R-I TALL-1, 1108 150 [k] NSL
R-J TALL-1, 1 X107 150 [k] NSL
R-c TALL-1, 3108 171 [k] NSL
R-d TALL-1, 3X 108 173 [k] NSL
R-e TALL-], 3 10° 202 {k] NSL
6 R-21 Pellets of supe (1100 ml) from Si-IIA 15 ML
R-26 Pellets of supe (800 ml) from Si-IIA 20 ML
R-28 Pellets of supe (600 ml) from Si-IIA 180 [k] NSL
R-29 Pellets of supe (400 ml) from Si-IIA 180 [k] NSL

Abbreviations: k, killed; ML, malignant lymphoma; NSL, non-specific lesion; CFA, complete Freund’s

adjuvant; supe, supernatant.
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b) Detection of proviral DNA of STLV-I: DNA ex-
tracted from Si-I1A cells was examined for the presence
of STLV-I-related sequences by Southern blot hybridiza-
tion with HTLV-I probe, which can also detect STLV-1
because of the 90% homology of DNA sequence between
HTLV-1 and STLV-I (Hayami, 1992). Cellular DNA
was digested with EcoRI and hybridized with the *P-
labeled DNA probe, pHT-1 (M) 3.9, containing LTR,
pX, env, and a part of pol of the HTLV-I genome, which
was kindly supplied by Dr. K. Shimotohno (National
Cancer Center Research Institute, Tokyo).
Tumorigenicity of established rabbit lymphoma cell lines
in other normal rabbits Female rabbits (2-2.5 kg in
weight) were inoculated intravenously with 1< 107 irra-
diated (100 Gy) or non-irradiated cells of Ra-L-IIA,
Ra-K, Ra-D2, Ra-SLN or Ra-Zsp (Table 1I).

RESULTS

Tumor incidence in rabbits inoculated with HTLV-II-
producing cells or cell-free pellets Tumor development
in the rabbits examined is summarized in Table I. Of the
ten rabbits inoculated with HTLV-II-producing simian
Si-ITA cells, eight rabbits (80%) developed malignant
lymphomas 62 to 167 days after inoculation (Experiment
1). This tumor induction was not inhibited by immuniza-
tion with the HTLV-II env oligopeptide (Experiment 2).
In this experiment, tumor incidence was 71% (5/7).
Malignant lymphoma was also induced in 2 of 4 rabbits
(509%) by injection of the cell-free pellets obtained from
Si-ITA culture supernatants after a short latent period
(15-20 days) (Experiment 6). However, no tumor was
detected in the rabbits inoculated with HTLV-II-
producing human cells, HTLV-IIC and MOT or HTLV-
I1 unrelated TALL-1 cells during 121-202 days after
inoculation.

Macroscopic characteristics of Si-IIA-induced tumors
Most of the rabbits injected with Si-IIA cells appeared
physically normal, except for anorexia, until the day of
death. Some developed dyspnea and became extremely ill
and lethargic, and some appeared to make a recovery
from illness. A few rabbits (R-K, R-T, R-Z) showed
several skin tumors (Fig. 1). On necroscopy, most of the
tumor-bearing rabbits revealed splenomegaly and/or

Fig. 1. Multiple skin tumors observed in R-K.

Fig. 2. Cross-section of enlarged spleen showing multiple
small white nodules in R-Z.

Fig. 3. Cross-section of the liver showing band-like white
lesions in R-L.

Fig. 4. Mesenteric lymph node swelling (arrowhead) and a
huge tumor of the wall of the gastrointestinal tract in R-b.

Malignant Lymphoma Induction of Rabbits by Si-IIA
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hepatomegaly with multiple white nodules (about 1-3
mm in diameter) (Figs. 2 and 3). The cortex of kidneys
showed multiple white nodules or diffuse whitish swell-
ing. The swelling of lymph nodes was observed fre-
quently in the mesentery (Fig. 4) and less frequently in
the mediastinum, axilla or inguinal regions. The thymus
appeared normal. White nodules were occasionally found
in the heart, lungs or gastrointestinal tract (Fig. 4). Some
rabbits (R-K and R-Z) showed peritoneal disseminated
white nodules. Large tumors in the spleen, mesentery,
stomach wall and skin often showed central necrosis,
which was yellowish in color. Two of four rabbits inocu-
lated with cell-free pellets of Si-ITA cultures also devel-
‘'oped multiple tumors similar to the Si-IIA cell-induced
tumors described above.

Microscopic characteristics of Si-IIA-induced tumors
Histologically, Si-IIA-induced tumors showed malignant
lymphoma with leukemic infiltration in many organs.
Two histological types of malignant lymphomas were
observed: 1) Non-Hodgkin’s lymphoma, diffuse, large cell
type or mixed type, which was predominant and fre-
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quently observed (Fig. 5a); 2) Hodgkin-like lymphoma,
which was observed only in two rabbits {R-D and R-b)
(Fig. 5b). All the spleens of tumor-bearing rabbits except
one (R-T) showed severe or moderate infiltration lesions
of lymphoma cells. In one case (R-D), Hodgkin-like cells
with giant pleomorphic nuclei and prominent nucleoli
were observed in one of the nodular lesions, while diffuse
large lymphoma was demonstrated in the other nodular
lesions. Regarding the lymph node infiltration, most
lymph nodes (R-C, R-K, R-Y, R-h, R-T and R-a)
showed partial or diffuse sinus infiltration of lymphoma
cells, while large swollen mesenteric lymph nodes (R-L,
R-S, R-Z and R-26) were destroyed by prominent in-
filtration of lymphoma cells. Secondary infiltration of
lymphoma cells in the thymus was seen in one case
(R-K). Focal bone marrow involvement of lymphoma
cells was detected only in two cases (R-L, R-S8). The
livers in all but four cases (R-D, R-T, R-a and R-b)
revealed severe periportal and mild sinusoidal infiltration
of lymphoma cells (Fig. 6). Mild or moderate multiple
tumor cell infiltration lesions with some diffuse nodules

e

Fig. 5. (a) Diffusely proliferated large cell lymphoma in one of the nodules of the spleen (R-D). (b) Hodgkin-like cell
infiltrated in another nodule of the same spleen (R-D). Bars=100 #m
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were observed in the cortex of all kidneys. Tumor cells
often proliferated in the glomeruli, which appeared as
scattered multiple round nodules (R-D, R-K, R-Y, R-h,
R-T and R-b) (Fig. 7). Mild or moderate perivascular
infiltration lesions of tumor cells were often detected in
the lungs (R-C, R-L, R-X, R-Y, R-g, R-h, R-§, R-Z, R-a
and R-26), but rarely in the heart (R-K, R-T and R-a).
The lungs frequently exhibited bronchopneumonia or
pulmonary edema. Lymphoma cells also invaded the
gastrointestinal tract (R-K and R-b), adrenal gland
(R-K, R-L and R-T), peritoneum (R-K and R-Z),
muscles (R-K, R-T and R-Z), and skin (R-K, R-T and
R-Z) (Fig. 8). Atypical lymphocytes (leukemic lym-
phoma cells) were occasionally observed in the vessels. In
case R-a, all tumor tissues exhibited complete necrosis
with severe calcification.

Cytosmear examination of peripheral blood in rabbits
injected with Si-ITA cells frequently revealed some atyp-
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Fig. 6. The liver showing
Fig. 7. Some glomeruli with proliferation of lymphoma cells (R-b). Bar=100 zm

Fig. 8. Diffuse dermal infiltration of lymphoma cells in the skin (R-K). Bar=100 zm

Fig. 9. A flower-like atypical lymphoid cell observed in peripheral blood (R-L). Bar=10 g#m

Malignant Lymphoma Induction of Rabbits by Si-ITA

ical lymphocytes (2-49%) in more than half of the cases
and increased atypical lymphocytes (10%) in one case
with lymphocytosis (R-26). Some of the atypical lym-
phocytes had a flower-like nucleus (Fig. 9).

Cell lines established from the tumors or peripheral bload
The five cell lines were established only from the tumor-
bearing rabbits, and designated Ra-L-ITA (from R-L),
Ra-K (from R-K), Ra-D2 (from peripheral blood of
R-D), Ra-Zsp (from R-Z), and Ra-SLN (from R.-S).
These cell line cells, which were lymphoid in morphol-
ogy, have been maintained for more than 10 months
without IL-2. Four cell lines (Ra-L-IIA, Ra-K, Ra-Zsp
and Ra-SLN) grew rapidly (doubling time: 3-7 days) in
suspension culture as aggregates or as single cells (Fig.
10), but Ra-D2 cells were extremely large and grew
slowly (doubling time: more than 2 weeks) (Fig. 11).
Ultrastructurally, the cell-line cells were characterized by
an indented euchromatic nucleus and moderately differ-
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entiated cytoplasm, which contained numercus ribo-  Immunophenotype Immunohistochemically, tumor cells
somes, scattered mitochondria, strands of rough endo- or cell line cells from R-K, R-L, R-8 and R-Z were rabbit
plastic reticulum, some multivesicular bodies, microtu- CD45",CD5" * -, MHCclass II-DQ*,RT1", RT2" o —,
bules and glycogen deposits. Some cells also had micro-  CD4™ and RABELA ™ (Fig. 12). However, Hodgkin-like
villi. However, virus particles were not found. large tumor cells of R-D showed positive immunore-

4 f-.

Fig. 10. Rapidly growing lymphoid cell line of Ra-K. Phasecontrast. Bar=100 g#m
Fig. 11. Slowly growing huge lymphoid cell line of Ra-D2, Phase-contrast. Bar=100 gm

s 5 R i,

Fig. 12. Periportal infiltrated lymphoma cells (R-L) showing positive immunoreactivity for rabbit CD45 (a}, CD5 (b) and
MHC class II-DQ (c). Bars=100 zm
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activity only for rabbit-CD45, and Ra-D2 cells derived
from R-D were positive only for rabbit CD45 and RT1,
and negative for rabbit CD4, CDS5, MHC class 1I-DQ,
RT2 and RABELA.

T antigen was not detected in any cell line by im-
munchistochemical methods using the sera obtained at
autopsy from each of the tumor-bearing rabbits.
Chromosomal analysis All cell lines had the karyotype
of male rabbits. Chromosomal abnormalities such as
hypodiploidy were observed in Ra-D2 and Ra-K, while
the other cell lines had a diploid karyotype.

Detection of HTLV-IT infection The antibody titers
against HTLV-I/II antigens, assayed by the particle ag-
glutination method, were in the range of 32- to more than
128-fold in the sera from the rabbits inoculated with
HTLV-II-producing cells (Experiment 1-4) but became
negative in the sera at autopsy from some of the tumor-
bearing rabbits (R-D, R-L, R-X). In the peripheral blood
leukocytes obtained from most of the rabbits inoculated
with HTLV-II-producing cell lines (Experiments 1 and
3), except for the rabbits immunized with HTLV-II-
specific oligopeptides (Experiment 2) and some of Exper-
tment 1 (R-C, R-D, R-X, R-Y) or Experiment 3 (R-15,
R-19), the amplified DNA product of HTLV-II-positive
genome was demonstrated at the 103 nucleotide position
by PCR using the SK60 probe. In the negative control,
tumor samples examined (R-C, R-D, R-K, R-L) and 5
rabbit tumor cell lines except the positive control, no
amplified HTLV-II DNA was detected by PCR using 4

12345617

Fig. 13. Absence of proviral genome of HTLV-II in rabbit
tumor cell lines by Southern blot analysis. Extracted DNA
from rabbit cell lines (lanes 2-6; Ra-D2, Ra-K, Ra-L-IIA,
Ra-SLN, Ra-Zsp, respectively), the positive control (Si-ITA)
(lane 1) and the negative control (TALL-1} (lane 7) were
digested with EcoRI and hybridized with 3*P-labeled probe
(1.4 kbp) containing a pX region of HTLV-II. Only the posi-
tive control shows the presence of the proviral genome of
HTLV-II at the pesition of about 8 kbp (arrow).

Malignant Lymphoma Induction of Rabbits by Si-IIA

probes: SK60, SK188, TLV-217 and TLV-219. Southern
blot analysis on these samples using EcoRI and the probe
for the pX region of HTLV-II revealed the integration of
HTLV-II provirus genome at the position of about 8 kbp
only in DNA of the positive control (8i-ITA) but not in
DNA of the established rabbit lymphoma cell lines or
TALL-1 (Fig. 13). Southern blot analysis using another
enzyme, BamHI, also showed the presence of the pro-
virus genome at the position of about 3.4 kbp only in the
positive control.

RT assay of the supernatant from the rabbit cell lines No
RT activity was detected in the samples from 5 rabbit
lymphoma cell lines and negative controls, while positive
RT activity was confirmed in the positive controls,
Detection of viral antigen of simian oncogenic viruses in
Si-ITA Si-ITA cells showed positive reaction only with
the sera from STLV-I-positive monkeys. No Si-IIA cells
gave positive reaction with the antibody-positive sera
against Cyno-EBV, H. saimiri or H. ateles or sera from
an antibody-negative healthy monkey.

Detection of proviral DNA of STLV-I in Si-ITA The
proviral sequence of STLV-I, which can be hybridized
with HTLV-I probe, was not detected in DNA from
Si-ITA by Southern blot analysis.

Table II. Tumorigenicity of Rabbit Tumor Cell Lines

Established in Other Rabbits

Rabbit no. Tnoculum (1% 107) Sg;’;:;‘l T(Rd“]‘_")"
45 X-ray irradiated Ra-L-IIA 90 [k] —
46 X-ray irradiated Ra-L-IIA 84 [k] -
47 X-ray irradiated Ra-L-IIA 90 [k] —
48 X-ray irradiated Ra-K 90 [k] —
49 X-ray irradiated Ra-K 90 [k] -
30 X-ray irradiated Ra-K 90 [k] —
51 X-ray irradiated Ra-Zsp 69 [k] -
52 X-ray irradiated Ra-Zsp 87 [k] —
33 X-ray irradiated Ra-SLN 27 +
54 X-ray irradiated Ra-SLN 91 [k] -
55 X-ray irradiated Ra-SLN 91 [k] -
56 X-ray irradiated Ra-D2 91 [K] -
57 X-ray irradiated Ra-D2 91 [k] —
32 Non-irradiated Ra-L-ITA 6 +
33 Non-irradiated Ra-L-ITA 6 +
58 Non-irradiated Ra-L-IIA 91 [k] -
11 Non-irradiated Ra-K 150 -
67 Non-irradiated Ra-K 90 fk] -
70 Non-irradiated Ra-K 14 [k] —
34 Non-irradiated Ra-Zsp 137 [k] —
a5 Non-irradiated Ra-Zsp 120 [k] -

81 Non-irradiated Ra-SLN 23 +

82 Non-irradiated Ra-SLN 50 [k] -
12 Non-irradiated Ra-D2 180 [k] —
13 Non-irradiated Ra-D2 153 [k] -

Abbreviations: k, killed; ML, malignant lymphoma.

815



Jpn. J. Cancer Res. 85, August 1994

Tumorigenicity of the newly established lymphoma cell
lines in normal rabbits The results of this experiment
are summarized in Table IT. One (No. 53) of 13 rabbits
inoculated with the irradiated cell lines, which were
observed for 3 months, died of malignant lymphoma 27
days after the inoculation. Some of the rabbits inoculated
with non-irradiated cell lines also died of malignant
lymphoma in a short time (Nos. 32, 33 and 81).

DISCUSSION

HTLV-II has not been clearly linked to a particular
disease in rabbits or humans, although HTLV-II can
transform leukocytes of rabbits in virro, and the HTLV-II
provirus genome is integrated.'® Infectious transmission
of HTLV-II to rabbits in vivo was also demonstrated by
PCR of the HTLV-II pol sequence; this occurred most
frequently in peripheral blood mononuclear cells of
rabbits (4/6) inoculated with MOT, and no evidence of
disease was found in HTLV-I-inoculated rabbits ob-
served for as long as 24 weeks.' In this study, infectious
transmission of HTLV-II was also confirmed in most of
the rabbits inoculated with Si-IIA or HTLV-IIC cells as
demonstrated by PCR. This transmission was not ob-
served in rabbits immunized with HTLV-II env-specific
peptide, but malignant lymphomas frequently developed
after a short latency period (62-172 days) in rabbits
injected with Si-IIA cells, irrespective of immunization.
Chromosomal analysis of 5 cell lines established from
tumor-bearing rabbits revealed the rabbit karyotype, in-
dicating that malignant lymphomas observed in the
rabbits inoculated with Si-IIA cells resulted from the
neoplastic transformation of the host lymphocytes. The
development of malignant lymphoma 15-20 days after
inoculation in two of four rabbits injected with cell-free
pellets from Si-ITA cultures provides further evidence for
the rabbit origin of induced tumors and suggests that
malignant lymphomas of rabbits may be caused by a
cell-free factor, possibly a kind of virus. However, no
lymphoma was induced by inoculation of HTLV-IIC or
MOT cells (other HTLV-II-producing human cell lines)
or TALL-1 cells (control). The absence of tumors in the
controls and the rabbits inoculated with HTLV-IIC or
MOT excludes the possibility that these malignant lym-
phomas were induced by enly HTLV-II or by an endog-
enous oncogenic virus activated by the inoculated leuko-
cyte cultures. This speculation is further supported by the
observation that no integration of HTLV-II provirus
genome was detected in the tumor tissues or any of the
cell lines established by PCR or Southern blot analysis.
On the other hand, neither H. saimiri from the squirrel
monkey nor H. ateles from the spider monkey was
detected in Si-IIA cells derived from leukocytes of a
cynomolgus monkey by IF test although it is well known
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that both H. saimiri and H. ateles can induce malignant
lymphoma (small lymphocytic or lymphoblastic type) in
about 20-100% of New Zealand white rabbits in a short
time.™® Cyno-EBV?" could not be detected in Si-ITA cells
by IF test. Proviral DNA of STLV-I in Si-TIA cells could
not be demonstrated by the probe of HTLV-I pX, which
had 90% homology with the nucleotide sequence of
STLV-I pX.™ Positive reactivity of HTLV-II-producing
Si-IIA cells with sera from STLV-I positive-monkeys in
the IF test could be explained by the fact that almost all
the components of STLV-I are antigenetically cross-reac-
tive with HTLV-1, which is serologically cross-reactive
with HTLV-IL.'**) These results suggest that high rates
of lymphoma induction may be caused by an unknown
passenger virus derived from Si-IIA or HTLV-IIA, with
which Si-IIA was established, but not by HTLV-II or
well known oncogenic viruses from monkeys, although
we can not rule out the possibility that HTLV-II might
have induced lymphoma together with a co-factor such
as deterioration of the host immunity by cytopathic
effects on T cells.”® Lymphoma induction experiments
with IL-2-dependent HTLV-TIA could not be performed
because of failure to recover stocked HTLV-IIA.
Malignant lymphomas induced by Si-ITA were clini-
cally acute, fulminant and distributed in many organs,
most frequently in the spleen, liver, kidneys and lymph
nodes. There seemed to be no correlation between the
number of cells inoculated (1X10° to 1X10%) and sur-
vival time (62 to more than 172 days) of tumor-bearing
rabbits. The reason for such a variable survival period is
not known, but rabbits suffering from bronchopneumo-
nia associated with pulmonary infiltration of lymphoma
cells showed shorter survival periods than those without
pneumonia. The apparent susceptibility and morphology
of the induced disease were not altered by injection of
peptide and complete Freund’s adjuvant. Histologically,
most of them were classified as diffuse, large cell type or
mixed type non-Hodgkin’s lymphoma. Only two cases
(R-D and R-b) showed Hodgkin-like features. Hodgkin-
like features as well as diffuse large cell lymphoma were
observed in one case (R-D), suggesting polyclonal devel-
opment of malignant lymphoma. Lymphoma cell clusters
were usually accompanied with non-neoplastic neutro-
phils, and abscess-like central necrosis was frequently
observed in large tumor masses. The phenotype of lym-
phoma cells was usually that of T cells except for Hodgkin-
like lymphoma cells, which expressed only CD45. Leu-
kemic change of malignant lymphoma was suspected
only in one case (R-26) with 10% atypical lymphocytes
but hematogenous metastases were suggested by peri-
vascular invasion of lymphoma cells, intravascular atyp-
ical lymphocytes observed histologically in the tissues
and cell line establishment from peripheral leukocytes of
the tumor-bearing rabbit (R-D). Induced lymphomas



were usually lethal to host rabbits but regression was
suggested in one case (R-a) showing complete tumor
necrosis with marked calcification. Long-term prognosis
and serial observation of the lymphoma development in
this model must be further studied. Rabbits without sus-
ceptibility or those overcoming the disease would afford
an opportunity to study host resistance to this unknown
oncogenic agent.

Of five irradiated cell lines which were inoculated in 13
rabbits, only Ra-SLN cells induced malignant lymphoma
in 1 of 3 rabbits. These findings indicate that only a few
of the cell lines established may produce infectious and
oncogenic viruses, which were different from already
known oncogenic viruses, although an unknown provirus
genome might possibly be integrated.
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