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Summary.—C-type viruses were formed in heterotransplants of 5/14 human
urogenital tumours which had been serially transferred in nude mice of NIH(S)
background. Except for one case in which C-type particles were present in the
epithelial cells as well as the connective tissue, the viruses were only found within
the stroma of the heterotransplanted tumours. Peroxidase labelling with anti-mouse
serum demonstrated that the connective tissue supporting the transplanted human
tumours was of mouse origin. Competition radioimmunoassays demonstrated that
MulLV interspecies viral protein was present in high titre in the transplanted tumour
extracts and also in extracts of 2 spontaneous mouse-tumour extracts. These data
suggest that endogenous viruses of the nude mice are activated by the graft, and only
subsequently infect the human tumour cells and form particles.

Nupe MIcE, which are athymic and
therefore allow heterotransplantation of
tumour tissues of various sources (Rygaard
& Povlsen, 1969), have become increasingly
important in biochemical, immunological
and chemotherapeutic studies of tumour
cells. However, investigators using nude
mice should be aware that many mouse
strains harbour endogenous C-type RNA
viruses. The NTH(S) mice used in these
studies have been reported to carry
xenotropic endogenous viruses (Levy,
1973). There are many reports that C-type
particles can be acquired and propagated
in human tumours after passage in nude
mice of various sources (Price et al., 1975;
Achong et al., 1976; de The et al., 1976;
Suzuki et al., 1977).

While serially passing human tumour
tissues of urogenital origin in nude mice to
acquire large amounts of tumour material
for immunological studies, we syste-
matically screened for the presence of
C-type viruses in the tumour tissues by
competition radioimmunoassay and by
electron microscopy. The latter method

was used to search for virus-like particles
both in the epithelial tumour cells and in
the connective tissue. The human origin
of the epithelial tumour cells in the
heterotransplants was confirmed by
karyotype analysis. To determine the
origin of the stromal elements within the
tumours, light-microscopy studies of
peroxidase-labelled tissues were made,
using the unlabelled antibody-enzyme
method with anti-mouse serum as source
for primary antibodies. In this report the
data from these studies, covering a period
of 20 months, are summarized.

MATERIALS AND METHODS

Heterotransplantation.—Human tumours of
urogenital origin (Table I) were hetero-
transplanted into nude mice of NITH(S) back-
ground in the following manner. Tumours
were received in the laboratory from surgery,
and within 1 h were cut in a sterile manner
into small pieces about 3 mm in diameter.
They were implanted s.c. as solid tumour
blocks by incision of the skin with sterile
scissors, insertion of the tumour tissue and
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closure of the skin with a sterile wound clip.
Biopsies of the growing tumours were taken
at each serial transfer for light- and electron-
microscopical studies.

Karotype analysis.—At each transfer,
samples were taken and processed for karyo-
type analysis. Animals were injected with
colcemid (0-4—40 pg/animal) 4 h before re-
moval of the tumour. Samples were removed
and macerated sequentially through 40- and
100-mesh tissue sieves (E-C Apparatus, St
Petersburg, Fla) and incubated in McCoy’s
5A medium (GIBCO) at 30°C for 1-2 h with
additional colcemid (final concentration 0-1
ug/ml) after which the cells were processed
for lacto-aceto-orcein staining (Mittwoch,
1974). Slides stained with lacto-aceto-orcein
were examined by phase-contrast microscopy
and screened for the presence of human and
mouse chromosomes.

Microscopy.—For light-microscopy studies
tumour samples from patients as well as from
the serially transferred tissues were imme-
diately fixed in 109, formaldehyde and em-
bedded in paraffin. Sections (6 um thick) of
each sample were stained with haematoxylin—
eosin. Unstained sections were used for
peroxidase labelling.

For electron microscopy, small pieces
(1 mm3) were immediately fixed in cold 2-5%,
glutaraldehyde in 0-1m cacodylate buffer,
pH 7-4. After postfixation with 1%, osmium
tetroxide in the same buffer, the specimens
were dehydrated and embedded as described
previously (Mickey et al., 1977). Thin sections
were stained with uranyl acetate and lead
citrate (Reynolds, 1963). The sections were
cut from 2-5 blocks of each sample, and 2
grids of each sample, and 2 grids from each
block were screened for virus-like particles in
the electron microscope at a magnification of
65,000.

Antiserum.—Anti-mouse serum was ob-
tained by immunization of rabbits with a
mixture of homogenized mouse heart, liver,
kidney and spleen. Absorption of the anti-
mouse serum was done with human tissue
homogenate 3 times at 37°C for 2 h, 10 times
at room temperature for 2 h and 3 times at
4°C overnight. For a control, the anti-mouse
serum was absorbed with mouse tissue
homogenate, using the same absorption
schedule. Both absorbed sera were checked
for specificity in an immunodiffusion test.

Peroxidase labelling.—Peroxidase labelling
was done according to Denk et al. (1977)

which represents a modification of the un-
labelled antibody-enzyme (PAP) method
(Sternberger, 1974 ; Burns, 1975). Incubation
with pronase (Calbiochem, B grade) was for
10 min at 37°C. Goat anti-rabbit IgG serum
was used at a dilution of 1:10. Peroxidase—
antiperoxidase = (PAP) complex (Miles
Laboratories, Elkhart Ind.) was diluted 1: 25,
which yielded a concentration of 0-066 mg
anti-peroxidase/ml. The primary antiserum
was obtained from immunized rabbits as
described above and used at the dilutions
indicated in Results. Azur-methylene blue
(Thomas, 1953) was used as counterstain.
Light-microscopy pictures were taken with a
Nikon Microflex, Model AFM, automatic
attachment to the light microscope (Wild,
Heerbrugg, Switzerland) using Panatomic X
film (Kodak) with a dark blue filter (Wratten
gelatine filter No. 80C, Kodak).

Radioimmunoassay.—Testing of the tissue
extracts from (a) the surgical tumour tissues,
(b) nude mice of NIH(S) background which
had not been hosts for human tissues, and
(c) tumours transferred in nude mice, was
carried out by homologous and heterologous
radioimmunoassay using 125I-labelled murine
(Friend) and feline (Rickard) p30 antigens
and anti-feline and anti-murine p30 sera. The
procedures have been described elsewhere
(Mickey et al., 1976).

RESULTS

Occurrence of virus-like particles

The serially transferred human tumours
of urogenital origin which were screened
in the electron microscope for the presence
of virus-like particles are listed in Table I.
The human origin of these mouse-sup-
ported tumour cells was confirmed in all
cases by karyotype analysis. Virus-like
particles were found in heterotransplants
of 5/14 human urogenital tumours which
had been serially transferred in nude mice.
The 14 urogenital tumours were implanted
into a total of 55 mice (including all serial
transfers); 14 of these mice had C-type
viruses in the transplanted tumours. If
C-type particles occurred in a certain
transplant, they were consistently found
in all subsequent transfers of that parti-
cular tumour. In one case (8076) the viruses
occurred first during the first transfer, in
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Fics. 1-4.—Transmission-electron-microscopy pictures of transitional-cell carcinoma of human
bladder (8076) metastatic to patient’s lymph node after passaging in nude mice.

Fic. 1.—Transfer 2. Type-C viruses within connective tissue. Collagenous fibres (CF). Bar=0-5 pm.

Fic. 2.—Transfer 4. Type-C virus particles between epithelial cells (A) and within a vacuole (AA),
Note desmosome (D) and bundles of keratin fibrils (KF). Bar=0-5 pm.

Fic. 3.—Transfer 3. Type-C particle budding from cell membrane of epithelial cell (A). Note des-
mosome (D). Bar=0-25 ym.

F1c. 4—Transfer 4. Type-C virus particle budding into vacuole of epithelial cell (A). Note
desmosome (D) and keratin fibrils (KF). Bar=0-25 pm.
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TaBLE I.—Occurrence of virus-like particles
in human urogenital tumours heterotrans-
planted into nude mice

Number
of

transfers Occurence

Tumour in nude of
No. Tumour Type . mice VLPY}

8076 TCC* bladder 4 + ()i
25976 TCC bladder 5 +-(4)
12476 TCC bladder 4 —
27276 TCC bladder 1 —
13077 TCC bladder 2 -
B4976 Tissue-culture from

TCC bladder 3 -+t
T24 Tissue culture from

TCC bladder

(Bubenik et al.,

1973) 3 —
17676 Adenocarcinoma of

prostate 3 +1
3077 Adenocarcinoma of

prostate 1 —
14577 Adenocarcinoma of

prostate 1 -
DU145 Tissue-culture from

adenocarcinoma of

prostate (Stone et al.,

1978) 2 +f
11077T Renal-cell carcinoma 3 —
11677 Renal-cell carcinoma 3 —
23976 Neuroblastoma 1 —

* TCC=transitional-cell carcinoma.

T VLP =virus-like particles.

1 Numbers in brackets indicate transfer number
in which VLP first appeared.

3 cases (B4976, 17676, DU145) they
occurred after the second transfer, and in
one case (25976) after the fourth transfer.
In all cases except one transitional-cell car-
cinoma of the bladder (8076), C-type
particles were exclusively found within
the supporting connective tissue of the
tumours (Fig. 1) and never in or between
epithelial cells. For the bladder tumour
8076, this was only true for the early
transfers, 7.e. transfer 1 (2/3 samples) and
transfer 2 (4/4 samples) where C-type
viruses were only present within the
stroma. However, at transfer 3 (1/2
samples) and transfer 4 (2/2 samples)
many C-type particles were detected, not
only in the connective tissue but also in
the interspace between epithelial cells
(Fig. 2) and in vacuoles within epithelial
cells (Fig. 2). Also numerous C-type par-
ticles were found budding from the cell

membrane (Fig. 3) or into vacuoles (Fig. 4)
of epithelial cells. The particles had the
typical appearance of C-type viruses, with
an outer diameter of 11304140 A and a
core diameter of 7004180 A. Epithelial
cells could clearly be identified by the
presence of many desmosomes and elec-
tron-dense keratin fibril bundles. Thin
sections of the transitional-cell carcinoma
8076 before heterotransplantation in nude
mice were screened for the presence of
virus-like particles. No viruses were found.

Radioimmunoassay of mouse-supported
lumours

Mouse-supported human bladder transi-
tional-cell carcinoma (8076) was extracted
and used as a competing antigen in both
FeLV and MuLV homologous radio-
immunoassays. The results of this experi-
ment, shown in Table II, indicated that
extractions from individual mice repre-
senting several serial passages of this
tumour contained substantial amounts of
protein that competed with MuLV inter-
species antigen p30. In several mice

TaBLE I1.—Competition radioimmunoassay
of extracts of human TCC 8076 hetero-
transplanted into nude mice

Passage VLPY}
No. seen
Mouse in FeLV MuLV in
No. mouse competition competition EM
24 1 ++* +++ X
35 2 0 +++ X
51 2 + +++ X
54 2 0 ++ X
62 2 + +
63 2 + + X
67 2 0 ++ X
68 2 0 0 X
82 2 ++ +++ X
83 2 + 0
80 3 0 ++
81 3 0 +++
108 3 + +++ X
109 3 ++ +++ X
114 3 0 0
176 4 0 0
177 4 0 0

*¥0=0-25%; +=25-50%; + + =50-75%;
+ 4+ + =75-1009%,.
1 VLP =virus-like particles.
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Fies 5-8.—Light-microscopy pictures of peroxidase-labelling experiments.

Fic. 5,—Human transitional-cell carcinoma (12476) heterotransplanted into nude mouse (transfer 1) labelled
with anti-mouse serum (dil. 1: 10) absorbed with human tissue homogenate as described in Materials and
Methods. Note strong labelling of all stromal elements. Bar=100 pm. Inset: area of same section showing
strongly labelled capsule of mouse tissue which surrounds the human tumour. Arrow ( | ) indicates outside
of capsule. Bar=100 pm.

F1c. 6.—Control. Identical portion of the transitional-cell carcinoma illustrated in Fig. 5 (5 sections (i.e.
~30 pum) from area in Fig. 5), labelled with anti-mouse serum (dil. 1:10) absorbed with mouse tissue
homogenate as described in Materials and Methods. No label can be seen in areas heavily labelled in Fig. 5.

Fi1c. 7.—Control. Mouse tissue, spontaneous breast tumour labelled with anti-mouse serum (dil. 1:5)
absorbed with human tissue homogenate as described in Materials and Methods. Note strong labelling of
cell membranes of epithelial cells (CM). SE stromal elements. Bar=100 um.

Fi1c. 8.—Control. Human transitional-cell carcinoma (12476) before transplantation into nude mouse,
labelled with anti-mouse serum (dil. 1:5) absorbed with human tissue homogenate as described in
Materials and Methods. No label can be detected. Bar=100 pm.
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competition with FeLlV interspecies anti-
gen was also evident to a lesser degree.
Although a strict correlation cannot be
made, tumour extracts with high titres of
MuLV interspecies protein activity were
from tumours in which VLP could be seen
in thin sections. Two spontaneous mouse
tumours, one from spleen and one from
mammary tissue, were also extracted and
run in both FeLV and MuLV competition
assays (not shown). Both of these extracts
were positive for MuLV p30 activity and
negative for FeLV p30 activity. As con-
trols, spleens, livers and hearts from nude
mice and hairy littermates not supporting
tumours were extracted and assayed in
both FeLlV and MuLV competition assays.
None of these tissue extracts contained
measurable amounts of either murine or
feline p30 antigen.

Origin of connective tissue in mouse-
supported human tumours

As the C-type particles were consistently
found to occur first in the connective tissue
of mouse-supported human tumours (see
above) the origin of the stroma in these
tumours was studied in the light micro-
scope, using the unlabelled antibody-
enzyme technique (Sternberger, 1974;
Denk et al., 1977). Anti-mouse serum
which had been absorbed with hetero-
logous tissue homogenate (see Materials
and Methods) was used as source for
primary antibodies in the peroxidase
labelling. As shown in Fig. 5, very strong
labelling of the tumour-surrounding cap-
sule (Fig. 5, inset), the vessels and all
strands of connective tissue were observed
(Fig. 5). Labelling was performed on 11
mouse-supported tumours from different
transfers originating from various human
tumours. The anti-mouse serum always
yielded strong labelling of all stromal
elements. Labelling was seen with de-
creasing intensity over a range of dilutions
from 1:5 to 1:80. Different controls were
performed to check the specificity of the
labelling: (1) no labelling was seen when
either the primary antibodies or the goat
anti-rabbit IgG serum were omitted (data

not shown); (2) labelling was abolished by
homologous absorption of the anti-mouse
serum with mouse tissue (Fig. 6); (3) no
labelling occurred if the anti-mouse serum
was used as source for primary antibodies
on human surgical specimens which had
never been in mice (Fig. 7), and (4) appli-
cation of anti-mouse serum after hetero-
logous absorption with human tissue to a
spontaneous mouse tumour confirmed to
be of mouse origin by karyotypic analysis,
produced labelling of stromal and epi-
thelial components (Fig. 7). There is very
strong labelling of all connective-tissue
elements in the mouse-supported human
tumours (Fig. 5) as well as in the spon-
taneous mouse tumour (Fig. 7, only few
stromal elements present). Distinctive
labelling is also found on the membranes
of the epithelial cells of the spontaneous
mouse tumour (Fig. 7). However, no
labelling occurs in the cytoplasm of the
epithelial mouse cells (Fig. 7). This indi-
cates that in the mouse tissue homogenate
injected for antibody production, stromal
elements and membrane components are
the major mouse-specific antigens, the
stromal elements being much stronger
antigens than the membrane components.

DISCUSSION

C-type particles were found in hetero-
transplants of 5/14 human urogenital
tumours which were serially transplanted
into nude mice. There was no correlation
between the occurrence of C-type viruses
and the type of tumour. Also, the viruses
were found for the first time at different
transfers: 1st transfer in one case, 2nd trans-
fer in 3 cases and 4th transfer in one case.
If C-type viruses occurred in a certain
transplant, they were consistently found
in all subsequent transfers of that tumour.
C-type particles were always first present
in the connective tissue of the mouse-
supported human tumours, which is, as
will be discussed below, of mouse origin,
and in only one case were the viruses also
found in the human tumour cells in the
2nd transfer after their first occurrence
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in the stroma. On the other hand, no
evidence for the presence of C-type viruses
was ever found either by electron micro-
scopy or radioimmunoassay in the surgical
tumours before heterotransplantation into
nude mice. Homologous radioimmuno-
assays, using both FeLV and MuLV, of
mouse-supported human tumours and of
spontaneous mouse tumour clearly indi-
cated the presence of p30 antigens. Similar
assays on tissues of mice which had never
been used for heterotransplantation indi-
cated no p30 antigens.

These findings strongly suggest that the
C-type viruses detected in human tumours
after passage in nude mice were endo-
genous viruses of the nude mice and were
not associated with the surgical tumour
tissues. In NTH(S) mice, only xenotropic
endogenous viruses have been reported
(Levy, 1973; 1977) and, although the host
range of the viruses which we found in the
human tissue after transfer in nude mice
has not been determined, the available
data are compatible with the viruses being
xenotropic. These findings are not unique,
because the occurrence of MuLV after
transfer in nude mice has been reported
for human tumours of various origins
(Price et al., 1975; Achong et al., 1976; de
The et al., 1976; Suzuki et al., 1977).

Our data suggest that 2 steps are in-
volved in the acquisition of xenotropic
viruses by human tumour cells: (1) the
C-type viruses are activated in the con-
nective tissue of mouse origin and (2) the
human tumour cells are infected and C-
type particles formed. So, with prolonged
passage in nude mice, more human tissues
would be expected to acquire C-type
viruses and to form C-type particles.

Several groups noted enhanced C-type
virus production during graft-versus-host
reactions, indicating that immunological
stimulation in vivo can activate a pre-
viously unexpressed endogenous C-type
RNA virus (Levy et al., 1977; Sherr et al.,
1974; Hirsch et al., 1972). Although the
nude mouse is immunologically compro-
mised, there is evidence for the tumour
transplant being an antigen challenge to

the host (Povlsen et al., 1973) so that endo-
genous murine C-type RNA viruses would
be expected to first occur in the mouse
connective tissue surrounding the hetero-
transplanted human tumour.

With the unlabelled antibody-enzyme
technique, the capsule surrounding the
heterotransplanted human tumours, the
vessels and all connective-tissue elements
of the transplants were shown to be of
mouse origin. Algire (1945) clearly demon-
strated that tumour heterotransplants
into mice elicited vascularization by the
host. Klein et al. (1974) used an isoenzyme
analysis to demonstrate admixture of
mouse elements to heterotransplanted
human tumours, varying from 25-809%,.
Indirect immunofluorescence with anti-
species sera on colorectal xenografts by
Sordat (unpublished results mentioned in
Carrel ef al., 1976) also showed the murine
origin of the stroma. These findings have
to be kept in mind when mouse-supported
tumours are used for immunological and
biochemical studies. In any case the degree
of admixture of mouse cells to the hetero-
transplant has to be determined for a
particular tumour.
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