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Abstract—Quantitative tumor cell transplantation assays have been performed to compare the
transplantability of rat rhabdomyosarcoma BA1112 into isologous WAG/Rij Y rats and athymic
NCr(nu/nu) nude mice. The end-point was the TDsy or the number of viable tumor cells which
would transplant the tumors into half of the recipients. At Yale, two sets of 2-fold dilutions were
prepared, one was sent to the MGH by Air Express. That afternoon, concurrent assays were
performed at Yale using the WAG/Rij Y rat and at MGH using the NCr(nuw/nu) mouse. The
TDso values were the same for iso- and xenotransplantation. Furthermore, the TDsq s in rats and
mice were unqffected by standard immunization procedures prior to challenge of the TDsq assay.
The BA1112 (107 trypan blue excluding cells) grew to 10-12 mm and then completely regressed
if transplanted into NCr{(nu/+) mice which had received 6 Gy whole body irradiation but did not
grow in control NCr(nu/+) mice. The times for the BA1112 to grow to 10 mm were the same in
normal or preimmunized WAG/Rij Y rats or NCr(nw/nu) mice and in 6 Gy WBI NCr(nu/nu)
mice. All of the experimental data show that the xenogenic NCr(nu/nu) mice accept the BA1112 as
readily as do the isologous WAG/Rij Y rats.

INTRODUCTION
QUANTITATIVE INTERPRETATION of the responses of
human tumor xenografts growing in the athymic
nude mouse to treatment by chemotherapeutic
agents or radiation must consider the confounding
effect of the residual and low level immune rejection
reaction(s) against xenografts [1, 2]. A major inter-
est for us has been the effectiveness of the immune
rejection reaction by the nude mouse against foreign
tissue grafts, and the extent to which such reaction
could be abrogated by immune suppressive pro-
cedures. As the initial component of our research
using the athymic nude mouse to assess quantitat-
ively the growth and the radiation response of
foreign tumors, the transplantability of three spon-
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taneous tumors of the C3H/Sed mouse was com-
pared for transplantation into normal or immune
modified syngeneic C3H{/Sed or allogeneic athymic
NCr(nu/nu) nude mice [3]. The experimental find-
ing was that the allogeneic NCr(nu/nu) mice
accepted the tumor grafts as readily as the C3H{f/
Sed mice, i.e. the allogeneic tumor transplant system
could not be used for the intended purpose. We
report here the sequel which was designed to assess
the transplantability of the BA1112 rat rhabdo-
myosarcoma into syngeneic WAG/Rjj Y rats or into
xenogeneic athymic NCr(nu/nu) nude mice.

MATERIALS AND METHODS

The general plan of these assays was to perform
concurrent TDso assays using serial dilutions pre-
pared from one suspension of tumor cells and to
score the results according to a common protocol.
The Tpso represents the number of cells which on
the average would be expected to transplant the
tumor to half of the recipients. Suspensions of the
tumor cells were prepared at Yale by a mechanical
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and enzyme method which has been described
previously {4, 5]. This suspension was then used to
prepare serial 2-fold dilutions. Lethally irradiated
(120 Gy) BA1112 cells were added to each dilution
in order that the total number of cells in each
inoculum be 10°. The resulting cell suspensions
were then divided into two parts, and one set was
sent by Air Express to Boston. At approximately
the same time in the afternoon of that day, the
transplantations were performed at Yale into WAG/
Rij Y rats and at MGH into NCr(nu/nu) mice. For
these transplantation assays, an inoculum volume
of 0.1 ml was injected into the axillary space. For
the isotransplants the right and left axillae were
employed; for the xenotransplants the right axilla
was used.

Animals

The xenogeneic recipients were athymic
NCr(nu/nu) nude mice. They were derived from
NIH Swiss mice into whicha BALB/cnude gene had
been introduced by backcross breeding techniques.
These animals were subsequently maintained in an
outbred fashion in the defined flora- and pathogen-
free colony at the MGH {6]. The isologous recipients
were the WAG/Rij Y rats. These animals were
brought to Yale in 1976 from the laboratory of
Dr. H.S. Reinhold of Rijswijk, The Netherlands.
The rats were bred and maintained in the Thera-
peutic Radiology Animal Colony at Yale University.
For TDsq assays on NCr(nu/nu) mice and the first
assay on WAG/Rij Y rats, approximately equal
numbers of male and female animals were used; for
the second assay on the WAG/Rjj Y rats females
were employed. Animal ages at the start of an assay
were 8-10 weeks.

Tumor

The BA1112 tumor arose in the mandible of a
WAG/Rj rat in 1962 at 8 months after 8.64 Gy
whole body irradiation and bone marrow allograft-
ing from BROFO rats [7] in the laboratory at
Rijswijk. Histologically, the tumor is a poorly differ-
entiated rhabdomyosarcoma. The tumor was non-
immunogenic when tested originally [8] and sub-
sequently at Yale [3].

Immunization

The animals were exposed to growth of the
BA1112 tumors to a size of 5 mm diameter, at
which time the tumors were removed surgically.
The Ty, assays were started 68 days later. In the
NCr(nu/nu) mice an additional procedure was used
in one assay. The animals received three injections
of 2 X 107 lethally irradiated BA1112 cells (120
Gy) at 7 day intervals: for the first, BA1112 cells
admixed with complete Freunds adjuvant [9] were
injected into right and left axillary and groin regions;

the second and third injections were intraperitoneal
without adjuvant. One week later, the injections of
viable BA1112 cells were made.

Whole body irradiation (WBIO)

Six Gy was administered to the whole body of the
NCr{nu/nu) mice using an AECL Gamma Cell
137Cs irradiator, featuring parallel opposed sources.
The mice were placed into a pie-shaped holder,
accommodating five mice per session.

End-points and data analysis

The principal end-point for this study was the
development of tumor at the transplantation site.
Tumor take was scored when the tumor reached
10 mm in diameter. Animals were sacrificed when
the tumors reached 10-15 mm; no tumor take was
scored after day 50. The transplant take results
were tabulated as a function of the number of tumor
cells injected. A logit regression was fitted through
the transplant take results and the Tps, with its
95% confidence limits computed [10].

The other end-point was the time required
for tumor to grow to 10 mm in diameter. In one
experiment, growth curves were constructed for
each tumor. The tumor diameters were measured
on a three times per week basis, and the tumor
volumes  computed on the basis of
(D1 x D2 X D3) + 2. These tumor volumes were
then plotted on a log volume vs. linear time grid.
The time for the tumor to reach a volume of
1000 mm?® was then read from the graph for each
tumor.

RESULTS

TDso values for isotransplantation of BA1112
rhabdomyosarcoma into WAG/Rij Y rats and xeno-
transplantation into athymic NCr{nu/nu) nude
mice are given in Table 1. The D5 values were in
the range of 1-15 for all experimental protocols.
Isotransplantation was equivalent for normal and
pre-immunized recipients. Similarly, the TDs, for
xenotransplantation was the same in normal, 6
Gy WBI, and preimmunized recipients; these TDgq
values were not different from the Tpsps for iso-
transplantation. Suppression of the NCr(nu/nu)
mice by 6 Gy whole body irradiation (WBI) at 24 h
before challenge with BA1112 cells caused a small
but not significant reduction in the TD5,.

The times for BA1112 tumors to grow to 10 mm
inaverage diameterin WAG/Rij Y ratsand NCr(nu/
nu) mice are presented in Table 2. Using this end-
point, the growth of tumor after injection of 4, 8, or
16 cells was comparable for isotransplantation into
normal or immunized rats or xenotransplantation
into normal, immunized, or 6 Gy WBI treated
NCr(nu/au)mice.
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Table 1. TDs, values for the isotransplantation and xenotransplantation of the rat BA1112
tumor

Tumor transplant cell dose 50

WAG/Rij rats

NCr(nu/nu) mice

Exp.
No. Untreated Immunized Untreated Immunized Irradiated
1 3(2..5)* — 15 (6...40) — 4
[90] (6511 [64]
2 4 (2...8) 2 (1..4) 2 (1...5) 2 (1...10) 1(1..3)
[68] [66] [40] [29] [34]
3 — — 2 (1..4) 2 (1..4) 2(1..2)
[54] (29] [39]
Pooled 4 (2...5) 2 (1..4) 2 (1..5) 2 (1..5) 1(1...2)
1-3
*TDy, (95% confidence limits).
+No. of mice (one transplant site per mouse).
No. of transplant sites (two per rat).
Table 2. Days for BA1112 to grow to 10 mm diameter
WAG/Rij Y rat Athymic NCr(nu/nu)
Host status  Normal Immunized Normal 6 Gy WBI  Immunized
No. cells
injected
1 34 (2) 31.6 (3) 35.8 (4) 33.3 (3)
2 31 (1) 335 (4) 340 (4) 35.0 (6) 37.2 (5)
4 32.6 (5) 31.7 (6) 34.0 (7 32.0 (10) 31.0 (6)
8 33.2 (5) 30.7 (7) 30.1 (7) 30.3 (10) 34.2 (4)
16 30.0 (7) 31.4 (7) 27.8 (5) 29.0 (5) 28.0 (6)
32 31.1 (7) 30.3 (7) - 28.8 (5) 24.0 (4)
64 26.3 (7) 29.4 (8) 23.4 (5) - 23.0 (3)
128 26.3 (8) 22.9 (8) - “ -

Number of tumors in parentheses.

Transplantability of BA1112 was assessed in
NCr(nu/+) mice (heterozygous for the nude gene
complex). Following injection of 107 trypan blue
excluding BA1112 cells, no tumors appeared in
normal NCr(nu/+) mice. However, in 6 Gy WBI
NCr(nu/+) mice, tumors appeared and grew to
10-12 mm and then regressed completely in all
subjects. A parallel experiment with the same proto-
col was conducted using C3Hf/Sed mice and with
the same outcome: temporary growth only in 6 Gy
WBI subjects.

DISCUSSION

Quantitative transplantation assays (TDso assays)
are an effective means for assessment of the relative
transplantability of tumor into normal syngeneic
and nude xenogeneic recipients. There are few
practical options and all involve the use of rodent
tumor systems (isotransplantation of tumors of
mice, rats, guinea pigs, or hamsters and xeno-

transplantation into nude mice or rats). Use of
canine, feline, equine, etc. tumors would be confined
to a very limited and single study of autotransplant-
ation (graded cell doses injected into multiple sites)
vs. the full D5, assay for xenotransplantation into
the nude mouse or rat. Here we compared the
TD5os and times to grow to 10 mm for the rat
rhabdomyosarcoma BA1112 when isotransplanted
into the WAG/Rij Y rat or xenografted into the
athymic NCr(nu/nu) mouse. For this animal tumor
system, xenografts were accepted as readily as iso-
grafts and they grew to 10 mm in equivalent times.
Neither prior immunization nor 6 Gy WBI affected
the TD5, values.

Nude mice bearing human tumor xenografts
develop metastatic tumors quite infrequently in
the usual observation pertods. In contrast, widely
dispersed metastatic tumor appeared following xeno-
transplantation of BA1112 into the NCr(nu/nu)
mice by only a few cells. We had planned to
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determine the radiation dose-response curve for
local control of the xenotransplanted BA1112. The
experiment was not feasible because of the short
survival times due to the rapid appearance of meta-
static tumors.

This differed markedly from the very low fre-
quency of distant metastasis reported previously in
the WAG/RIj Y rat after local irradiation of 7.5 mm
tumors by Moulder et al. [11], who generated
complete dose-response curves for local control
using observation periods of 180-250 days. This
appears to reflect a spontaneous change in the
characteristics of the serially transplanted tumor
line. A dose-response assay for tumor control in
WAG/R]j Y rats, begun during the course of the
second TDs, experiment reported here, had to be
terminated because of widespread metastases. A
return to frozen BA1112 stock yielded a BA1112
line having the non-metastatic behavior originally
described for this tumor.

Subsequent experiments in this laboratory have
demonstrated that the NCr(nu/nu) mouse are cap-
able of immunological reactivity against human
tumor xenografts [12]. The Tps, for subcutaneous
transplantation was higher by factors of 2-3 than
for transplantation into the 6 Gy treated mice. For
the three human tumors tested, the subcutaneous
TDs, was significantly lower after 6 Gy whole body
irradiation. In addition, delayed-type hypersensi-
tivity was displayed against the human tumors but
not against an allogeneic muriné tumor. Therefore,
the histocompatability differences between human
and mouse are sufficient to evoke an immune
response in the NCr(nu/nu) animals, the differences
between rat and mouse are not necessarily so.
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