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INTRODUCTION
HODGKIN’s DISEASE is defined by the presence of characteristic
Hodgkin (HD)-cells and Reed—-Sternberg (RS)-cells surrounded
by normal reactive cells including lymphocytes, benign histio-
cytes, plasma cells and eosinophils. The HD- and RS-cells are
thought to be the actual malignant cells. Despite intensive
investigation the cell of origin of RS-cells has not been defini-
tively identified. These cells only constitute 0.1-1% of the cells

in mvolved tissues. Thus, a number of groups have attempted
to establish Hodgkin- and RS-cell lines. Ten tumour cell lines
are currently recognised as being Hodgkin derived [1-10] (see
Table 1). Although heterogeneous, they all fulfill the criteria of
monoclonality and aneuploidy. However, it is difficult to prove
that these lines are true counterparts of HD- and RS-cells in
vive. An animal model, in which the biological conditions are
more equivalent to the microenvironment of HD- and RS-cells,
might be advantageous for further studies of Hodgkin’s disease.

Heterotransplantation of haematological malignancies has
proved to be difficult [11, 12]. Extensive immunosuppression
of the athymic nude mice with treatment such as irradiation [13]
is necessary for successful transplantation of non-Hodgkin-

lymphomas (NHL) and leukaemia derived cell lines. Otherwise
the tumour must be injected intracranially or into the anterior

chamber of the nude mouse eves 11
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in vivo growth of any of the 10 availablc Hodgkin’s lymphoma
derived cell lines or of primary biopsy specimen has not been
achieved until now in nude mice [2, 15]. Only one mutant
subline (L.540 cy, see below) transplanted subcutaneously into
X linked immunodeficient/beige/nude (BNX) mice led to repro-
ducible tumour growth and could be employed for testing the
antitumour effects of ricin A-chain immunotoxins [16]. BNX
mice and severe combined immunodeficient (SCID) mice appear
to be better recipients for human tumours {17, 18].

The BNX mouse is a cross between three murine immunode-
ficient strains. Itis homozygous for the thymus (T cell) deficiency
nude (nu)gene on chromosome 11 and the lysosomal (NK cell)
defect beige gene on chromosome 13. Furthermore it carries the
X chromosomai B ceil reguiatory gene defect. in BNX mice
three specific immune defence effector cells are affected. How-
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mice still have detectable levels of serum immunoglobulin.
Widespread use of BNX mice is impeded by difficulties with
breeding.

Severe combined immunodeficient (SCID) mice bear a VD]
recombinase gene defect on chromosome 16 [19] resulting in
loss of peripherai B and T cell function but retention of
natural killer cell (NK) function. In comparison with other
the SCID-mouse appears to
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immunodeficient mouse strains,
provide favourable growth conditions for lymphatlc cells
[20-23]. The reconstitution of SCID-mice with a human immune
system has been described [24]. Therefore, these mouse strains
were selected for heterotransplantation of Hodgkin’s disease
derived cell lines and primary material.
MATERIALS AND METHODS

Subcutaneous and intraperitoneal injection of Hodgkin’s disease
derived cell lines

Six Hodgkin’s disease derived cell lines (1428, 1.540, L.591,
DEV, HD-LM2, KM-H2) and the mutant subline 540 cy,
established from a nude mouse after intramuscular injection of
L.540 cells and subsequent cyclophosphamide treatment [25],
were tested by subcutaneous and intraperitoneal injection into
BNX and SCID-mice [26].

Of each cell line 2.5 % 107 cells were iniected subcutaneously
(Ot each cell line 2.5 cell 1)¢ ous!

J
or intraperitoneally into 5 male or female mice at the age of 6
weeks. When there was a palpable tumour of more than 20 mm
or detectable abdominal swelling, worsening overall condition
of the animal or after an uneventful observation period of 120
days, the animals were killed and the tissues were subjected to
histological and cytogenetic examination. Tumour cells were
identified immunohistochemically by the detection of CD30
antigen on cryostat sections which were immunostained
employing the APAAP technique [27].
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Table 1. Hodgkin’s disease derived cell lines

Stage, Phenotype Genotype
Cell line Source (Markers) (rearrangements) Ref.
1428 IV, PE B (Igy,, TCRB) 1
L540 IV,BM T(CD2,CD4) T (TCR) 2
L3591 IV,PE B(CD19,CD20) B(g) 3
cO IV,LN T(CD3,CD5,CD7) T(TCR,3) 4
DEV IIL,PE B(CD1%,CD20) Bdgu) 5
HD-LM2 IV,PE T(CD2) T(TCR) 6
KM-H2 IV,PE B(CDI19,CD20) B(Ig:) 7
HO II,LN T(CD3,CD4,CD7) T(TCR B, 8
Z0 I, PE B (Igy.L) 9
SUP-HD1 IIL.PE B{Igu., TCRB) 0

PE: pleural effusion, BM = bone marrow, LN = lymph nodes.
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Table 2. Tumorigenicity of Hodgkin’s disease derived cell lines in nu/nu, BNX and SCID mice

HD cell lines
Mouse Growth enhancer L1428 L540 L3591 DEV HD-LM2 KM-H2
strain treatment s.c. Lp. s.c. 1p. s.c. Lp. s.c. Lp. s.c. 1.p. s.c. Lp.
nu/nu Untreated 0/5 0/5 0/5
BNX Untreated 0/5  0/5 0/5  0/5 0/5 05 4/5  0/5 0/5 05 0/0 0/
HT1080 05 0/ 515 4/5 35 05 0/s 05
Pristane 05 4/5 4/5 25 0/5  4/5 0/s  0/5
a-Asialo-
antibody 0/5  0/5 4/5 2/5 05 0/5 0/5 05
SCID Untreated 35 35 35 U5 /5 0/5 35 15 2/ 15 35 25
HT1080 4/5  2/5 4/5  0/5 05 0/5 Vs s
Pristane 4/5  4/5 5/5  3/5 SIS 25 0/5 35
a-Asialo~
antibody Vs s 5/5 2/ 4/5  3/5 /s 0/5

s.c. = subcutaneous injection; i.p. = intraperitoneal injection.

Tumour growth enhancers

Tumour growth enhancers were employed in order to improve
the take rates and because their use might help to identify
relevant host factors interfering with the tumorigenicity of HD
cell lines. Cotransplantation of the fibrosarcoma derived line
HT1080 is believed to induce local angiogenesis factor pro-
duction [28]. HT 1080 human fibrosarcoma cells were sub-
lethally irradiated with 60 gy for 30 min. and coinjected with
untreated HD-cells.

The intraperitoneal injection of pristane causes peritoneal
inflammatory granulomas leading to the production of IL-6 and
probably other growth factors [29]. The animals were injected 6
days before tumour cell inoculation with 500 pl of pristane
(Sigma).

Host NK-cell activity can be specifically suppressed by a-
asialo-antibody treatment [30]. «-Asialo-antibody solution
(100 pl) (Wako, Osaka, Japan) was injected intraperitoneally 3
days before and every 5 days until the day 17 post tumour cell
injection.

Intravenous inoculation of HD-cells

In 400 pl RPMI 1640 (Gibco) 1 x 107 cells of the Hodgkin’s
disease derived cell line 540 and the same number of cells of the
subline 540 cy were injected into the tail vein.

Transplantation of primary Hodgkin material into SCID mice

Material from diagnostic biopsies in 13 Hodgkin patients has
been transplanted into the mice. In 10 instances small cubes of
lymph nodes and spleen tissue (2 mm?) were transplanted under
the kidney capsule and in 5 cases a cell suspension prepared
from a lymph node was injected into the liver.

Tumours grown after xenotransplantation were retrans-
planted into different mice employing the same technique as in
the first passage and also cultured i vitro after mincing in RPMI
1640 medium supplemented with 10% heat inactivated fetal calf
serum.

RESULTS
Subcutaneous and iniraperitoneal growth of Hodghkin’s disease
derived cell lines in BNX- and SCID-mice
Transplantation of tumour material into SCID and BNX mice
showed a difference in frequency and latency of detectable
tumour growth (Table 2). The HD cell line DEV was the only

line growing in BNX mice. After subcutaneous inoculation, 4/5

- tested animals showed progressive but locally restricted tumour

growth. In contrast, all cell lines formed tumours in SCID mice.
The tumorigenicity of the individual cell lines varied between
1/5~3/5 injections. The subcutaneous route, with an overall take
rate of 14/30 was more efficient than intraperitoneal injection
(overall take rate 6/30). The latency period of tumour growth
ranged from 7 to 20 days. The mutant subline L.540 cy led to
subcutaneous tumour growth in 100% of the examined BNX
and SCID mice. Intraperitoneal growth of this subline was only
detectable in one SCID mouse.

Tumorigenicity of HD cell lines in combination with tumour growth
enhancers

Injections of L540 cells which did not grow in untreated BNX
mice led to subcutaneous tumours in 4/5 cases after pristane or
a-asialo-antibody treatment and in 5/5 cases after cotransplan-
tation of the cell line HTI1080. Intraperitoneal tumours
developed after pristane or a-asialo-antibody treatment in 2/5
cases and in 4 out of 5 animals when HT 1080 was cotransplanted.
In BNX mice pristane injection supported intraperitoneal
growth of 1428 and L.591 cells (Table 2). L.591 became subcut-
aneously transplantable in the presence of irradiated HT 1080
fibrosarcoma cells. Simultaneous injection of fibrosarcoma cells
did not lead to a detectable change in frequency or latency of
successful tumour growth in SCID mice. Pristane precondition-
ing of SCID mice and NK-cell inactivation by wa-asialo-anti-
bodies only improved subcutaneous and intraperitoneal growth
of the cell line L591.

No HD derived cell line showed any alteration in morphology,
immunocytology or karyotype when recultivated after in vivo
passaging.

Disseminated growth of the Hodgkin’s disease derived cell line 540
and its subline 540 ¢y in SCID mice

The distribution of the cell lines after subcutaneous or intra-
peritoneal injection into immunodeficient mice did not corre-
spond with the pattern of tumour dissemination in patients
suffering from Hodgkin’s disease. In order to establish an animal
model that better represents Hodgkin’s disease in man, SCID
mice were engrafted intravenously. The animals developed
tumours with a latency period of 5-7 weeks. The subline 540 cy
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Table 3. Macroscopic growth of the intravenously transplanted HD-
cell lines L540 and L540 ¢y in SCID mice

Cell lines L540 L540 cy
Number of mice injected 10 21
Number of mice with positive tumour growth 4 13
Take (%) 40 62
Sites of visible tumour growth

Lymph nodes (total) 4/4 13/13
Cervical lymph nodes 3/4 12/13
Liver 0/4 9/13

showed a higher degree of tumorigenicity with 13/21 tumour
takes (62%) after intravenous injection compared with the
original cell line 540 (4/10 cases, 40%). Tumours reproducibly
developed in the lymph nodes with a significant preference for
the cervical nodes (Table 3). Tumours were found in the liver
of 9/13 animals with visible tumour growth after injection of the
subline 540 cy. No macroscopic tumour growth was seen in the
spleen. Tumour cells were seen microscopically in the bone
marrow of 4 mice xenotransplanted with L340 cy. Thus, intra-
venous injection of Hodgkin’s disease derived cells led to tumour
growth resembling the distribution of Hodgkin tumours in
patients.

Transplantation of primary Hodgkin's material into SCID mice

In the first tumour passage 52 mice were inoculated. Tumour
growth could be observed in 9 animals with macroscopic dissemi-
nation into lymph nodes, liver, spleen and thymus. The material
transplanted into these tumour bearing animals was derived
from 4 different patients. In 2 cases the tumours grown in SCID
mice were of human origin, whereas in the other two cases
lymphomas of mouse origin were induced. The tumours were
retransplantable in further mice. In vitro culture of the tumours
led to permanent growing cell lines. These cell lines showed a
B-cell phenotype and expressed CD30-antigen, Epstein-Barr
virus (EBV)-antigens, like LMP and EBNA2. Therefore in
many respects they resemble lymphoblastoid cell lines (LCL’s).
However, in contrast to recently published reports by Cannon
et al. [31], Rowe et al. [32] and Purtilo ez al. [23], who
transplanted EBV transformed L.CL'’s derived from healthy
individuals into SCID mice, the cell lines showed numerical and
structural chromosomal abnormalities in a very high frequency.
The cytogenetic aberrations were very heterogeneous as has
been described in primary material from Hodgkin patients [33,
34].

Preliminary histological examination demonstrates three
kinds of lesions: (a) Lymphoproliferative disorders (LPD) as
described previously [23, 31, 32] after inoculation of normal
peripheral blood lymphocytes into SCID mice; (b) anaplastic
large cell lymphomas with very bizarre cells; (c) Hodgkin like
lesions with large CD30 positive Reed—Sternberg cells with a B
cell phenotype surrounded by reactive cells which were mouse
cells in the lymphocyte-depleted SCID mice. The
Reed-Sternberg cells were also EBV positive, whereas the
Hodgkin- and Reed—Sternberg-cells in the primary biopsy tissue
of one patient were EBV negative. A few EBV positive lympho-
cytes could be found surrounding the Reed—Sternberg cells in
the primary tumour specimen. This observation raises the
question, whether precursor cells of Hodgkin and
Reed-Sternberg cells exist among the bystander cells, which
under certain conditions develop the appearance of
Reed-Sternberg cells.

U. Kapp et al.

DISCUSSION

Our experiments show that HD cell lines which could not be
propagated in nude mice and produce only a few tumours in
BNX mice, grow in SCID mice. Intravenous inoculation of the
cell line 540 and its subline 540 cy resulted in tumour growth
which mimics the natural pattern of spread of Hodgkin’s disease
in man. Similar results could be achieved by intravenous injec-
tion of human acute lymphoblastic leukaemia cells [20]. Also,
cells of the Daudi-Burkitt lymphoma line heterotransplanted
intravenously into SCID mice showed a pattern of tumour
growth reminiscent of that observed in patients [35] with
Burkitt’s lymphomas. Tumour growth has also been observed
following injection of primary Hodgkin tumour material into
SCID mice.

Thus the SCID mouse model provides a useful experimental
in vivo system for studying host—tumour cell interactions in
Hodgkin’s disease and for testing new therapeutic approaches
such as specific immunotherapy.
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ChIVPP: Reducing Toxicity in the Treatment of
Hodgkin’s Disease

Janine L. Mansi

COMBINATION CHEMOTHERAPY for Hodgkin’s disease was first
introduced at the National Cancer Institute in 1964. This
consisted of mustine, vincristine, procarbazine and prednisolone
(MOPP). Approximately 80% of patients achieved compiete
remission with a S-year relapse-free survival of 68% [1, 2, 3].

Because of these impressive results, MOPP has always been the

gold standard on which other treatment regimens for Hodgkin’s
disease have been based. However, the combination is not
without toxicity. The predominant acute toxicity includes nau-
sea, vomiting, superficial thrombophlebitis, peripheral neuro-
pathy, bone marrow suppression and alopecia.

Over the last 20 years various changes have been made to the
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detracting from the clinical efficacy. ChIVPP (Table 1) was first
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introduced at the Royal Marsden Hospital in 1976 with the
aim of avoiding the gastrointestinal toxicity, thrombophlebitis,
alopecia and myelosuppression by substituting chlorambucil
for mustine, and the peripheral neuropathy by substituting
vinblastine for vincristine. Alternative variations along the same
line include KJ\TDD /cnl\onrnnnn

nhla for
LG IGUGT MY \PuuUSUItULLLE ‘vululaouu\, ot vuA\.AAauu\.) l-r,

5], LOPP (substituting mustine for chlorambucil) [6], and
BCVPP (omitting mustine, substituting vinblastine for vincris-
tine and incorporating carmustine and cyclophosphamide) 7],
to name but a few. Early results using ChIVPP suggested

Table 1. ChIVPP chemotherapy

Chlorambucil 6 mg/m? (max. 10 mg)  Orally days 1-14
Procarbazine 100 mg/m? (max. 150 mg) Orally days 1-14
Prednisclone 40 mg/m? Orally days 1-14
Vinblastine 6 mg/m? IV days 1 and 8

Cycle repeated every 4 weeks



