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AbstractSpecimens from 16 freshly biopsied human tumors, two mammary adenocarcinomas, 
ten ovarian adenocarcinomas, two squamous cell carcinomas, one malignant histiocytoma and one 
chondrosarcoma of the bone, two human ovan’an adenocarcinomas established by transplantation 
into nude mice and two adenocarcinomas induced in rat mammary gland were transplanted under the 
renal capsule of 510 normal immunocompetent mice and 180 rats and the effects of chemotherapy 
were evaluated. The results showed successful transplantation of all types of tumors in both animal 
species. Morphological analysis revealed preserved glandular structures with surface microvilli, 
mucin and CEA production and partially preserved basement membranes. Treatment with 
cyclophosphamide, vinblastine, adriamycin and cisplatin caused cell shrinkage, degradation and 
partial or total disappearance of the tumor cells. Vascularization was distinct in all specimens. A 
cellular injiltrate was foundfrequently but not consistently. A common end stage was a fibrotic scar 
with no cellular activity. occasionally giving a misleading impression of a growing tumor on gross 
observation. The results were obtained rapidly and suggest that the subrenal capsule assay would be 
useful for evaluating the sensitivity of human tumors to therapeutic manipulation, but needs 
supplementary histological examination. 

INTRODUCTION 
CONTINUED growth of excised human tissue and 
cells is needed in order to study the mechanism and 
characteristics of transformation, development and 
progression in tumors as well as to select treatment 
modalities in cases of malignant disease. Previous 
attempts to develop reliable, consistent, effective 
and economical screening tests for the selection of 
chemotherapeutic agents [l-3] have met with dif- 
ficulties. In vitro sensitivity tests for cancers include 
the nucleotide precursor incorporation test [4], the 
stem cell assay [5] and the dye exclusion method 

PI, and bioluminometric measurements of in- 
tracellular adenosine triphosphate [7]. The cells 
are detached from their natural supportive systems 
in these techniques; however, drug delivery is 
artificial, and no metabolic activation occurs. Simi- 
larly, the cell-to-cell relationship and host response 
cannot be studied. 

The nude mouse has been the rodent prototype 
for the transplantation of benign and malignant 
cells and tissues [8, 91, even though the rate of 
successful transplantations is only approximately 
50% 12, 81, possibly due to the immune state of the 
animal [IO]. Other variables which affect trans- 
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plantation include the health of the mouse, its 
handling, and the preparation of the tumor [ 11, 121 
and inoculation site [ 131. The frequency of success- 
ful growth in the nude mouse also correlates with 
the degree of malignancy [9, 141 and antigenicity of 
the tumor [ 121, possibly causing selection of the 
growing cell type compared to the original tumor. 

Bogden et al. [ 151 recently introduced the subre- 
nal capsule assay (SRCA) for human tumor heter- 
otransplantation. This is based on an in situ 
measurement of small changes with time in the size 
of biopsy specimens from tumors transplanted 
under the renal capsule of immunodeficient or 
normal immunocompetent mice. Results can be 
obtained from the SRCA within 6-l 1 days [ 161. 
This method has been applied to studies on trans- 
planted colon carcinomas [ 171, melanomas [ 18- 
21] and ovarian carcinomas [22], although mostly 
without histological confirmation. We have pre- 
viously reported some early results on the morphol- 
ogy of transplanted tumors by the SRCA method 
[23], showing the similarity of transplanted speci- 
mens to original tumors. The purpose of this study 
was to use morphological and immunohistoche- 
mica1 methods to determine the response to chemo- 
therapeutic tumor agents of different types of 
tumors transplanted by the SRCA method. 
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MATERIALS AND METHODS 
The material consisted of 20 tumors trans- 

planted into the renal capsule of 5 10 mice and 180 
rats. The human tumors were one chondrosarcoma 
and one malignant histioclytoma of the bone, two 
squamous cell carcinomas, one of the cervix and 
one of the vulva, two mammary adenocarcinomas 
and ten ovarian adenocarcinomas of a low degree 
of differentiation, consistent with serous cystadeno- 
carcinoma. Two ovarian adenocarcinomas were 
transplanted for this study. Two mammary adeno- 
carcinomas were obtained from rats which had 
received an intragastric dose of 9, IO-dimethyl- 
benz(a)anthracene. Chemotherapy was applied as 
indicated in Table 1. 

The samples for the SRCA were taken from solid 
tumors under aseptic conditions, and were excized 
from the same areas of the tumors as those taken 
for histological examination. If a tumor originated 
from an area which might have been contaminated 
by micro-organisms, the area was swabbed with 
antiseptic solutions and/or creams, or else systema- 
tic antimicrobial therapy was given at the same 
time. A sample of approximately 1 cm3 was re- 
moved, taking care to exclude necrotic tissue. This 
was then fragmented and transferred to sterile test 
tubes containing culture medium 199. In the 
laboratory the samples were transferred onto dis- 
hes containing the same medium and further cut 
into pieces measuring 1 mm’. Normal immuno- 
competent CDFt female mice and Sprague-Daw- 
ley rats were used as recipients. 

The operative procedure for subcapsular im- 
plantation was as follows. An incision was made 
through the skin and body wall of an anesthesized 
animal dorsally in the region of the left kidney. The 
kidney was partially exteriorized and a small slit 
was carefully made in the renal capsule with a 
scalpel. A piece of the tumor tissue was inserted 

beneath the capsule through the slit with the aid of 
a trocar. The tumor size [(length + width)/21 was 
expressed in terms of ocular micrometer units 
(omu), where 10 omu = 1 mm. The kidney was 
replaced in the body cavity and the body wall and 
skin incisions were closed with silk sutures. The 
animals were allowed to eat and drink ad libitum 
after recovering from anesthesia. 

Five mice per treatment modality for each tumor 
were treated with drugs on a daily schedule for 5 
days beginning on the day after implantation, with 
five control animals receiving physiological saline 
or a solution containing polyethyleneglycol 28.8 g, 
Tween 80 1.92 g, NaCl 8.65 g, methyl-p- 
hydroxybenzoate 1.73 g and propyl-P- 
hydroxybenzoate 0.19 g in 1 1 of distilled water. 
The drug dosages were adjusted to reach max- 
imum effect within tolerable toxicity levels (Table 
1). On the sixth day after implantation the animals 
were killed by carbon dioxide suffocation and the 
tumor-bearing kidneys were partially exteriorized. 
The kidneys were kept moist with physiological 
saline to prevent shrinkage and the final tumor 
sizes measured. The kidneys were then excised and 
processed. The initial and final body weights of the 
mice were measured. Toxicity was considered 
tolerable when the weight loss was less than 20%. 
If the mean weight loss in a particular test group 
exceeded 20%, the assay for this drug or drug 
combination was disregarded. 

The specimens for histological examination were 
fixed in a glutaraldehyde-formalin solution [24], 
embedded in paraffin and routinely stained with 
hematoxylin and eosin. Periodic acid-Schiff and 
other stains were also used when necessary. 

For immunohistochemical studies on basement 
membrane components the 7-S collagen domain of 
human type IV collagen was purified from human 
kidney and the fragment Pl of laminin from human 

Table 1. Daily doses of drugs in single and combination therapr 

Dose (mg/kg) 
Mouse Rat 

Com- Com- 
Drug Manufacturer Single bination Single bination 

Cyclophosphamide LIHke, Turku, Finland 30-50 30-50 10 10 

Mitolactol Chinoin, Budapest, Hungary 180 - 50-120 - 
Adriamycin Farmitalia Carlo Erba, 

Milano, Italy - 34 - 2-3 
Cisplatin LBHke, Turku, Finland 2 l-2 1 0.5-I 
Vincristine Lilly, Indianapolis, 

IN, USA - 0.5-l - 0.25-0.5 
Methotrexate Farmos, Turku, Finland - 4 - 3 
Bleomycin H Lundbeck & Co A/S, 

Copenhagen, Denmark 30 30 - - 
Tamoxifen ICI, Macclesfield, 

England 125 - 3 - 
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placenta [25, 261. Antisera to these proteins were 
raised in rabbits. The antibodies were purified by 
immunoabsorption with the relevant antigen cou- 
pled to Sepharose 4B. The laminin antibodies were 
cross-absorbed with 7-S collagen and vice versa, 
and there was no cross-reaction between the two 
antibodies in the radioimmunoassay. Rabbit anti- 
bodies to human factor VIII and carcinoem- 
bryonic antigen (CEA) were purchased from Dako 
Immunoglobulins A/S, Copenhagen, Denmark. 

The avidin-biotin modification of the perox- 
idase-antiperoxidase method was used for the im- 
munohistochemical studies [27]. Five-micrometer 
paraffin sections were deparaffinized and treated 
with 0.4% pepsin (Merck, Darmstadt, F.R.G.). 
Endogenous peroxidases were blocked by incubat- 
ing with H202 in methanol. The sections were 
successively treated with rabbit antibodies, 
biotinylated anti-rabbit immunoglobulin (Vector 
Laboratories, Burlingame, CA), dilution 1:500, 
avidin (Vector), dilution 1: 1000, and biotinylated 
horseradish peroxidase complex (Vector). The 
peroxidase reaction was performed using 3-amino- 
9-ethylcarbazole (Sigma Chemical Co., St. Louis, 
MO) as a substrate. 

The specimens for ultrastructural studies were 
fixed in McDowell’s solution [24], post-fixed in 1% 
osmium tetroxide in the same buffer, dehydrated 
and embedded in Epon. Sections of 1 pm were cut 
and stained with 1% toluidine blue for orientation 
by light microscopy. Ultra-thin sections were 
stained with uranyl acetate and lead citrate and 
examined with a Jeol JEM 100 B electron micro- 
scope. 

RESULTS 
The success rate was 92%, indicating a high 

number of growing tumors obtained by this 
method. The growth was considerable regardless of 
the original cell type, whether mesenchymal (chon- 
drosarcoma or malignant histiocytoma) or epithe- 
lial, the histological type (sarcoma, adenocarcino- 
ma or squamous cell carcinoma), the degree of 
differentiation (well-differentiated or anaplastic), 
the origin (induced in a rat or spontaneous in a 
human subject) or the intermediate host (nude 
mouse or primary). 

The histological structure was similar to the 
primary tumor in many aspects when transplanted 
to either mice or rats. Mammary tumors retained 
their glandular features and mucin production 
with a distinct epithelial component when trans- 
planted to mice, regardless of whether they had 
been primary in humans (Fig. 1) or induced in rats 
(Fig. 2). The epithelial features were clearly dis- 
tinguishable in electron-microscopy (Fig. 3). 
Ultrastructural analysis revealed secretory features 
in epithelial cells, and also tubular structures co- 

vered by numerous surface microvilli (Fig. 4). The 
same tumors also grew progressively when trans- 
planted to rats. Immunohistochemical stainings 
showed preserved CEA staining activity (Fig. 5) 
and preserved basement membranes which were 
positive for collagen IV and laminin (Fig. 6). 

The ovarian tumors, mostly of a high degree of 
malignancy, showed polymorphous cells in solid 
arrangements. The cells varied in size and shape, 
the nucleoli were prominent and the nucleo/cyto- 
plasmic ratio was increased. Mitotic activity was 
also commonly observed with some abnormal 
mitoses. The tumor cells also retained their malig- 
nant characteristics when transplanted subse- 
quently to nude mice, and this transplant was 
grown in the renal capsule (Fig. 7). The functional 
characteristics were preserved with basement 
membrane production found using stains for col- 
lagen IV and laminin. Undifferentiated tumors 
progressing as peritoneal carcinosis did not acquire 
any specific features reflecting their original cell 
type upon transplantation (Fig. 8). 

Other tumor types transplanted included 
squamous cell carcinomas of the cervix which grew 
progressively with a distinct inflammatory infil- 
trate when transplanted to mice (Fig. 9). Ultras- 
tructural analysis revealed preserved keratiniza- 
tion (Fig. 10) seen as tonofilaments and keratohy- 
alin granules in the cytoplasm. Mesenchymal 
tumors such as histiocytoma and chondrosarcoma 
also retained their morphological characteristics 
after transplantation (Fig. 1 l), though cartilage 
formation was not seen. 

Chemotherapeutic treatment was effective, as 
shown in Table 1, causing significant decrease in 
tumor transplant size. The morphological effects 
were subdivided into mild, moderate and severe. 
Mild changes included cellular ballooning or 
shrinkage and cytoplasmic homogenization (Fig. 
12). A slight loss of cellular organization was 
visible in electron-microscopy (Fig. 13). A moder- 
ate response included altered cytoplasmic staining 
properties, cytoplasmic vacuolization, karyorhexis 
and cytolysis (Fig. 14). Severe effects involved 
advanced degeneration in a large number of cells 
(Fig. 15). Some cells were elongated, retaining 
their nuclei, while others consisted of anucleated 
debris and occasionally only remnants of tumor 
cells were found. The vascular structures were 
preserved in drug-treated transplanted tumors, 
with surviving tumor cells located in adjacent areas 
(Fig. 16). 

Fibrosis was a prominent feature in drug-treated 
tumors. In some specimens tumor cells were inter- 
mixed with thickened collagenous fibers, in others 
tumor cell aggregates were laying side-by-side with 
collagenous plaques. A common end stage com- 
prised a fibrous scar (Fig. 17) with minimal cellu- 
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lar activity (Fig. 18). A cellular infiltrate composed 
of lymphocytes, not granulocytes varying in in- 
tensity, was occasionally prominent in untreated 
transplants (Fig. 9) but often completely absent in 
treated tumors. 

DISCUSSION 
As shown in this study, the SRC assay proved a 

reliable and consistent method of propagating hu- 
man tumors under conditions similar to the human 
situation. Previous studies [28-301 report success 
rates of 8 l-l 00%) depending partly on fibrosis and 
necrosis in the original tumor and the handling of 
specimen [ 16, 18, 301. The growth potential was a 
fairly constant property of the tumor cells, and no 
subpopulation selection took place [ 181. The signi- 
ficance of growth regulation is seen in nude mice 
transplants [3 13, where significant alterations in 
the transplant occur as compared with the original 
tumor. 

Even though the animals in this study were all 
immunologically competent and no efforts were 
made to alter their immune status, the take rate of 
the transplants was high. Immune depression has 
been advocated for animals using the SRCA 
method [32, 331 and nude mice have also been 
used [ 15, 161, but the choice of mice or rats for the 
SRCA did not significantly affect the present re- 
sults. The original method of Bogden et al. [ 15, 161 
used immunocompetent mice, and a few studies 
[32] have used rats, but with similar results. 

As shown here, tumors retain their morphologic- 
al characteristics, such as glandular configuration, 
mucin secretion or CEA production, when trans- 
planted by the SRCA method. Previous studies 
involving the use of histological examination of 
transplanted melanomas report preserved cell type 
and shape, pigmentation [21] and a positive Fonta- 
na-Massons stain for melanin [20]. Soft tissue 
sarcoma grafts showed the same storiform pattern 
as the original tumor [20], and the glandular 
structures of original colon carcinoma [ 18, 341 and 
ovarian tumor [23, 351 were retained together with 
mucin production and production of CEA. The 
basic functional characteristics, i.e. production of 
CEA and basement membrane components col- 
lagen type IV and laminin, were preserved. 
Xenografts in nude mice also exhibit CEA produc- 
tion [36] and retain tumor-specific antigens [37]. 
Extreme heterogeneity was nevertheless observed 
for the expression of the colon-specific antigen 
CEA and colon mucin antigen by Gold et al. [38]. 
Biochemical changes have also been reported in 
transplants [37, 39, 401 in nude mice in tumors 
explanted by the SRCA method [23], with original 
antigenic characteristics preserved. 

These results showed the reliability of the SRCA 
for chemotherapy studies; as the tumors were 

histologically similar to tumor of origin, selection of 
cell type did not occur. Also, when using nude mice 
in this study as intermediate hosts the structures of 
the original tumor were preserved. Early reports 
using nude mice emphasized the histological and 
functional similarity of xenografts to the original 
tumor [39], while later studies report changes in 
tumor differentiation [41] and histological differ- 
ences [14, 421. The extrapolation of results 
obtained with nude mice to humans involves prob- 
lems of strain heterogeneity, dosage and toxicity of 
drugs [43]. The applicability of results obtained 
using nude mice to the human situation is ques- 
tionable [41] due to abnormal immune response, 
as well as difficulties in transplantation of certain 
tumor types [31-a problem not encountered here. 

Chemotherapy was found here to induce distinct 
gross and morphological changes. Histopathologic- 
al evaluation of drug treatment given to cell lines in 
nude mice has pointed to nuclear cytoplasmic 
degenerative changes and an arrest of cell division, 
stromal edema and fibrosis [44] similar to those 
reported here. The cytological findings of nuclear 
degeneration, karyolysis and karyohexis as well as 
cytolysis and cytoplasmic vacuolation approxi- 
mated the decrease in tumor mass and size of 
transplant. Histological studies on transplants in 
the SRCA report cellular degeneration and necro- 
sis [34]. Tissue necrosis from drug treatment re- 
ported in nude xenografts [41] was minimal in this 
study. Analysis of the effects of chemotherapy in 
general is hampered by the problems inherent in 
animal models, namely the structures and func- 
tions of the tissues and cells differ from those in 
humans. Likewise, drug dosage schedules are dif- 
ficult to relate with some studies employing con- 
centrations equivalent to the LDIO or LDJO of the 
animals [32]. 

A commonly used measure of drug effects in the 
SRC assay is measurement of size of transplanted 
tumor, as advocated by Bogden et al. [ 15, 161 and 
also used in this study. However, fibrosis and cell 
infiltration obliterated gross estimates of tumor 
shrinkage in some instances in this study, as also 
shown before [35]. A frequent but not consistent 
finding in this study was a cellular infiltrate in the 
transplanted tumor tissue adjacent to the host 
renal tissue. The infiltrate consists mainly of T 
lymphocytes [33]. Drug treatment affects the in- 
flammatory reaction, with cyclophosphamide 
being more effective than others [35]. This in- 
flammation may be due to contamination when 
performing the transplantation. Some authors con- 
sider gross measurements adequate [33, 451, other 
reports [34] emphasize histological studies and the 
need to identify inflammation and the host reac- 
tion. Aamdal et al. [18] showed that mouse cells 
contribute 5-10% of the cells in SRC grafts, mak- 
ing gross estimates of drug effects inaccurate. 
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Fig. 1. A human mammary tumor in a mouse SRCA, with preserved glandular structures. HE, x 360. 
Fig. 2. A mammq tumor induced in a rat and transplanted to mice SRCA, showing malignant cells with prominent qtological n[vpia 

and a distinct stromal reaction. HE. x 360. 
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Fig. 3. A rat mammav tumor in a mouse SRCA, showing tight& arranged epithelial cells with scanty mucin production. Uranyl 
q&ate/lead citrate, X 2400. 

Fig. 4. Tubular structures in rat mammary adenocarcinomas transplanted to mice SRCA, covered by dark and light cells with 
prominent microvilli. Uranyl acetate/lead citrate, X 3000. 



Morphology of SRCA 1529 

Fig. 5. Human mammq adenocarcinomes transplanted to rat SRCA, showing preserued CEA production. CEA, X 360. 
Fig. 6. A rat mammq adenocarcinoma transplanted to a rat SRCA, Luith prominent glandular structures and preserved basement 

membrane. Laminin, X 180. 
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Fig. 7. A human ouarian ndenocarcinoma transplanted to a mouse SRCA, mith prominent cytological alterations, a&pica1 nuclei and 
large nucleoli. HE, x 360. 

Fig. 8. Carcinosis peritonei transplanted to mouse SRCA showing undifferentiated polymorphic cells. HE, x 360. 
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Fig. 9. Cervical squamous cell carcinoma in mouse SRCA with distinct cellular injltrate adjacent to renal tubuli. HE. X 180. 
Fi,g. 10. Cervical squamous carcinoma in moue SRCA with keratohyalin granules and tonojilaments in the ~vtopl&m. 

CJranylacetate/lead citrate, X 10,000. 
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Fig. 11. Malignant histocytomn of bone in moue SRCA with elongated cells in collagenous stroma. HE, X 360. 
Fig. 12. Ovarian adenocarcinoma in mouse SRCA treated with mitolaktol showing slight disorganization of mitoticfgures 

gtoplasmic homogenization and cell shrinkage. HE, X 360. 
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Fig. 13. .bfammary adenocarcinoma in mouseSRCA with tamoxifen treatment-inducedchanges. lIranylacetate/leadcitrate, X 2000. 
Fig. 14. Oaarian adenocarcinoma in mouse SRCA treated with adriamycin, cyclophosphamide and cisplatin showing nuclear 

disorganization, $oplasmic uacuolation and cytolysis. HE, x 360. 
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Fig. 15. Ovarian adenocarcinoma in mouse SRCA treated with adriamycin, cyclophosphamide and cisplatin shaming cellular 
disorganization, absence of nuclei and indistinct cell borders. HE, X 750. 

Fig. 16. Preserved vascular structures in an ovarian adenocarcinoma in moue SRCA treated with adriamycin, qclophospamide and 
cisplatin, showing a scarcity of tumor tissue but distinct blood vessels. HE, X 260. 
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Fig. 17. AJibrous scar as the O~JJJ remnant of an ovarian carcinoma in mouse SRCA treated with adriamycin, cyclophosphamide amd 
cisplatin. HE, X 180. 

Fig, 18. .Uinimal cellular activity in remnants of ovarian adenocarcinoma in mouse SRCA treated with adriamycin. cyclophosphamide 
and cisplatin. HE, X 360. 
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