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Pathology of Aging Female SENCAR Mice
Used as Controls in Skin Two-Stage
Carcinogenesis Studies

by Jerrold M. Ward,* Ricardo Quander,*' Deborah Devor,*
Martin L. Wenk,* and Edwin F. Spangler?

The pathology of 60 aged female SENCAR mice used as acetone controls in skin painting studies was
studied. Fifty percent of the mice survived past 96 weeks of age. The major contributing causes of death
identified in 42 mice were glomerulonephritis (8 mice), histiocytic sarcoma (7 mice), and other tumors (8
mice). Glomerulonephritis was found in the majority of mice and was associated with thymic hyperplasia,
focal vasculitis, and lymphoid hyperplasia. Necropsy of 58 mice surviving past 50 weeks of age revealed
that 41 had an average of 1.36 tumors per mouse. The most common tumors included histiocytic sarcoma
(13 mice), pulmonary adenoma or adenocarcinoma (11 mice), mammary tumors (11 mice), follicular center
cell lymphoma (4 mice), and hepatocellular adenoma (4 mice). The 13 histiocytic sarcomas appeared to
arise in the uterus and metastasized to liver (9 mice), lung (4 mice), kidney (3 mice), and other tissues.
Lung tumors were of the solid and papillary types, and tumor cells frequently contained surfactant
apoprotein (SAP) but did not contain Clara cell antigens, suggesting their origin from alveolar Type II
cells. A variety of nonneoplastic lesions, similar to those observed in other mouse strains, were seen in
other tissues of these mice. Amyloid-like material was seen only in nasal turbinates and thyroid gland.

In a group of 28 mice exposed to 12-O-tetradecanoylphorbol-13-acetate (TPA) for up to 88 weeks, as a
control for other treatment groups, 7 (25%) had papillomas and 5 (17.8%) had squamous cell carcinomas

of the skin at necropsy, although many other induced papillomas regressed durine the study.

Introduction

SENCAR mice were bred for increased sensitivity to
skin initiation and promotion protocols (1-3). They orig-
inated in 1959 from Rockland all-purpose mice that were
inbred for sensitivity to skin initiation by 7,12-dimeth-
ylbenz[alanthracene (DMBA) and promotion by croton
oil. In 1971, these susceptible mice were outbred with
Charles River CD-1 mice to produce hybrid vigor. These
mice have been bred at Oak Ridge National Laboratory
for use in skin carcinogenesis studies of 6 to 12 months
duration. There have been no reports on the pathology
of aging SENCAR mice, although several studies of the
CD-1 mouse have been published (4,5). As part of a
large study to characterize the possible skin initiating
and promoting activities of formaldehyde (6), we main-
tained groups of female SENCAR mice for up to 100
weeks of age. There was no evidence that any of the
tumors or lesions in these mice were associated with
their exposure to acetone; they were considered to occur
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naturally. In this paper, we describe the pathology of
these aged mice.

Materials and Methods

For a large study to test the skin initiating or pro-
moting properties of formaldehyde, 260 female SEN-
CAR mice were obtained from Oak Ridge National Lab-
oratory Animal Resources (Oak Ridge, TN) at 7 weeks
of age. Sixty of these mice were used for the present
study. They were placed in polycarbonate cages, 11.5
X 7.5 X 5in. in size, on corn cob bedding. Water and
Purina Lab Chow were available ad libitum. For 30
mice in experimental group 4B, 0.2 mL of a 10% formalin
solution (37-40% formaldehyde solution in acetone) was
applied once to the back at 8 weeks of age. Four weeks
later, 0.2 mL acetone was applied once weekly for 88
weeks. For 30 mice in experimental group 4D, 0.2 mL
of acetone was applied twice weekly to their backs from
8 weeks of age for 92 weeks. These mice were weighed
monthly. No untreated mice were available for aging
studies. These groups are combined because all neo-
plastic and nonneoplastic lesions occurred with similar
incidence in both groups and surival was similar. All
surviving mice were sacrificed at 101 to 102 weeks of
age, 93 to 94 weeks after initiation of the study.
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After arrival from the supplier and at terminal sac-
rifice (100 weeks of age), serum samples were obtained
from 2 and 15 mice, respectively, and sent to the Com-
prehensive Health Service of Microbiological Associates
(Bethesda, MD). These samples were surveyed by hem-
aglutination-inhibition (HI) to test for antibodies to the
following viruses: PVM, Sendai, Reo 3, K, polyoma,
MVM, and GDVII; by complement fixation to test for
antibodies to mouse adenovirus and LCM; and by
ELISA to test for antibodies to MVM, PVM, Sendai,
Ectromelia, and GDVII.

A complete necropsy examination was performed on
each mouse. The majority of the major organs and gross
lesions were fixed in 10% neutral buffered formalin. All
major tissues, gross lesions, and selected other tissues
were embedded in paraffin, and sections were cut at 4
to 6 pm and stained with hematoxylin and eosin. For
selected tissues, the avidin biotin peroxidase-complex
(ABC) immunocytochemical technique was used (7,8)
with the Vectastain kits (Vector Laboratories, Burlin-
game, CA) to localize specific antigens with the use of
antibodies to surfactant apoprotein (SAP) (?), Clara cell
antigen (?), prolactin (National Hormone and Pituitary
Program, Baltimore, MD), insulin (Miles Laboratories,
Elkhart, IN), glucagon (DAKO Corp., Santa Barbara,
CA), S-100 (DAKO Corp.), somatostatin (DAKO
Corp.), lysozyme (DAKO Corp.), a;-antitrypsin (DAKO
Corp.), biotinylated antimouse IgG (Vector Laborato-
ries), mouse lambda and kappa immunoglobulin light
chains (Litton Bionetics, Charleston, SC), or vimentin
(Transformation Research, Inc., Framingham, MA).
For localization of immunoglobulins or immunoglobulin
light chains, tissue sections were trypsinized first.

Portions of selected formalin-fixed kidneys were
placed in glutaraldehyde, embedded in epoxy resin, sec-
tioned, stained with uranyl acetate and lead citrate, and
viewed under an electron microscope.

Results

Body Weights, Serology, and Survival

The mean body weight curve of mice in groups 4B
and 4D is shown in Figure 1. The mean weight of mice
steadily rose throughout their lifespan, reaching 49 g
at 100 weeks of age. Although two mice died or were
sacrificed before 16 weeks of age, the next one died at
52 weeks of age and 50% survived to 96 weeks of age
(Fig. 2). Forty-four mice died or were sacrificed in mor-
ibund condition during the study.

Serology performed on the two mice at the time of
arrival from the supplier showed that their sera did not
demonstrate murine viral antibodies. At the'end of the
study, sera from 15 aged mice, when tested using
ELISA, contained significant serum viral antibody ti-
ters to MHV (14/15), Sendai virus (6/6), MVM (6/6); and
when tested using HI, to PVM (2/15), Sendai virus (12/
15), and MVM (10/15). Other serological tests were neg-
ative.
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FIGURE 1. Mean body weight gain of 60 female SENCAR mice used
as acetone controls in a skin initiation-promotion experiment.

Pathology

Contributing Causes of Death. The major contrib-
uting causes of illness or death in 42 mice are presented
in Table 1. These determinations were based on gross
and microscopic findings. Of these mice, 35% died from
the effects of tumors, and 64% died from other causes.
Glomerulonephritis was a major cause of death in eight
mice, and two of these mice had generalized edema (ne-
phrotic syndrome). Histiocytic sarcoma arising in the
uterus and spreading to other tissues was the major
lethal tumor type.

Neoplastic and Nonneoplastic Lesions. Of the 58
mice surviving past 52 weeks of age, 41 (70.6%) had an
average of 1.36 tumors per mouse (Table 2). Many mice
had a variety of nonneoplastic lesions as shown in Table
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FIGURE 2. Survival of 58 female SENCAR mice living past 16 weeks
of age. Fifty percent survived to 96 weeks of age.
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Table 1. Contributing causes of death of 42 aging female

SENCAR mice.

Lesion No. affected (%)

Neoplastic 15 (35.7)
Histiocytic sarcoma 7 (16.6)
Lymphoma 3 (7.1)
Pulmonary adenocarcinoma 2 4.7
Mammary adenocarcinoma 2 (4.7
Pituitary adenoma 1(2.3)

Nonneoplastic 27 (64.3)
Glomerulonephritis 8 (19.0)
Hemoperitoneum 3 (7.1)
Necrotizing enteritis 2 (4.7
Peritonitis 1(2.3)
Necrotizing metritis 1(2.3)
Hemothorax 1(2.3)
Cachexia 1(2.3)
Septicemia 1(2.3)
Undetermined 9 (21.4)

3. The major lesions and some unusual lesions are de-
scribed according to organ system. One mouse receiving
acetone twice weekly for 88 weeks had a papilloma at
the site of application that appeared only at 92 weeks.

Kidney. The primary renal lesion consisted of glo-
merulonephritis with a variety of secondary lesions.
Glomerular lesions were scored as mild, moderate, or
severe, depending on their extent and severity. In gen-
eral, within a given kidney, glomeruli exhibited a va-
riety of changes consisting of increased mesangial ma-
trix and mesangial cells, thickened capillary loops,
sclerosis, and hypertrophy of mesangial cell nuclei (Fig.
3). Some glomeruli were involved in more acute pro-
cesses characterized by fibrin deposition, mild neutro-
philic infiltrate, and individual cell necrosis. A few cases
had crescent formation, fibrosis, and obliteration of glo-
merular tufts. Immunocytochemically, we demon-
strated mouse IgG and immunoglobulin kappa light
chains within thickened glomerular capillary loops and
within the mesangium (Fig. 4) after trypsinization of
formalin-fixed kidney sections. Ultrastructurally, sub-
endothelial and subepithelial electron-dense deposits
were seen within thickened glomerular basement mem-
branes (Fig. 5). Obliteration of epithelial foot processes
was also observed. Severe tubular degeneration and
hyaline cast formation, although present in several an-
imals, was not a prominent feature in most mice. The
majority of mice, however, did have mild to marked
lymphocytic and plasma cell perivascular cuffs around
intrarenal arteries.

Hematopoietic System. Follicular center cell (B-
cell) lymphomas of spleen and lymph nodes were found
in four mice. With trypsinization of formalin-fixed tissue
sections, immunoglobulin was seen focally within tumor
cells. The primary nonneoplastic lesions involving the
lymphoreticular system consisted of mild to severe
lymphoid cell hyperplasia of both B- and T-cell zones.
The thymuses in nearly all mice were very prominent
(excessively so for 1- to 2-year-old mice) and had a mix-
ture of cortical and medullary (follicular) lymphoid cell

Table 2. Neoplastic lesions in 58 aging female SENCAR mice.

Tissue Tumor

Hematopoietic
Lymphoma (follicular center cell) 4
Spleen 4
Lymph nodes 4
3
1

No. affected (%)

(6.8)

Thymus
Lymphoma (other)
Reproductive tract
Histiocytic sarcoma
Uterus
Liver
Lung
Kidney
Lymph node
Ovary
Pancreas
Small intestine
Adrenal
Uterus
Leiomyosarcoma 2
Endometrial polyp 2
1
1

(1.7

13 (22.4)
1
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Fibroma
Adenocarcinoma
Lung
Primary tumors
Adenoma, solid
Adenoma, papillary 3
Adenocarcinoma, papillary 2
Metastatic tumors
Mammary adenocarcinoma
Endocrine
Pituitary gland
Adenoma
Thyroid gland
Follicular adenoma
Adrenal gland
Cortical carcinoma
Pheochromocytoma
GI tract
Tongue
Papilloma
Stomach
Polypoid adenoma
Small intestine
Adenoma
Liver
Hepatocellular adenoma
Hemangiosarcoma
Hemangioma
Skin
Papilloma
Mammary gland
Adenocarcinoma
Type A
Type B
Adenoacanthoma
Fibrosarcoma
In situ ductal carcinoma
Harderian gland
Adenoma

11 (18.9)
6

2 (3.4

3 (5.1)
2 (3.4)
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hyperplasia together with the proliferation of medullary
epithelial cells and sometimes with small cyst formation.
The spleens exhibited varying degrees of periarterial
lymphoid sheath hyperplasia with associated lymphoid
follicles. Also, the amount of myeloid metaplasia in the
red pulp was frequently excessive. Lymph nodes sim-



Table 3. Nonneoplastic lesions of 58 aging female SENCAR
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mice.
No. affected/no.
tissues examined
Tissue Lesion histologically (%)
Kidney Glomerulonephritis 48/58 (82.7)
Mild 14/58 (24.1)
Moderate 20/58 (34.4)
Severe 14/58 (24.1)
Perivascular chronic 39/58 (67.2)
inflammation
Hematopoietic
Thymus Lymphoid and epithelial 34/38 (89.4)
hyperplasia
Medullary cyst 12/38 (31.5)
Spleen Myeloid metaplasia 46/57 (80.7)
Lymphoid hyperplasia 36/57 (63.1)
Hemosiderosis 5/57 (8.7)
Lymph nodes  Lymphoid hyperplasia 23/38 (60.5)
Plasmacytosis 9/42 (21.4)
Myeloid metaplasia 5/42 (11.9)
Sinus histiocytosis 2/42 (4.7)
Liver Cytomegaly 36/56 (64.2)
Coagulative necrosis, focal 11/56 (19.6)
Chronic cholangitis 34/56 (60.7)
Acute cholangitis 8/56 (14.2)
Granulomas 9/56 (19.6)
Mitotic figures 5/56 (8.9)
Fatty change 2/56
Biliary cyst 3/56 (5.3)
Basophilic hepatocellular 2/56 (3.5)
focus
Respiratory tract
Nasal turbinates
Amyloidosis 18/23 (78.2)
Chronic inflammation 3/23 (13.0)
Lung
Perivascular lymphoid 19/56 (33.9)
hyperplasia
Peribronchiolar lymphoid 15/56 (26.7)
hyperplasia
Interstitial pneumonia 7/56 (12.5)
Bronchiolitis 1/56 (1.7)
Reproductive tract
Uterus
Cystic endometrial 44/53 (83.0)
hyperplasia
Necrotizing metritis 1/53 (1.8)
Ovary
Simple cyst 20/22 (90.9)
Hematoma 1/22 (4.5)
Endocrine
Adrenal gland
Subcapsular spindle 34/44 (71.2)
cell hyperplasia
Focal cortical hyperplasia 4/44 (9.0)
Thyroid gland
Amyloidoisis 3/38 (7.8)
Pancreas
Islet cell hyperplasia 17/48 (35.4)
Inflammation 8/48 (16.6)
Acinar cell vacuolation 2/48 (4.1)
Atrophy 1/48 (2.0)
Inflammation, islets 1/48 (2.0)
Lacrimal gland Dacryoadenitis 9/13 (69.2)
Blood vessels
Vasculitis 18/56 (32.1)

Heart

Arteritis, aorta
Aorta, rupture
Fibrosis, focal

10/56 (17.8)
1/56 (1.7)
5/56 (8.9)

FIGURE 3. Glomerulonephritis in a female SENCAR mouse. He-
matoxylin and eosin (H & E), x250.

Ficure 4. Kappa immunoglobulin light chains concentrated in glo-
merular capillary loops and mesangium. ABC immunoperoxidase,
trypsinization, H & E, x400.
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FIGURE 5. Ultrastructural demonstration of thickened glomerular
basement membranes (GBM) electron dense deposits (D) and ob-
literation of epithelial (EP) foot process. Uranyl acetate and lead
citrate, x7400.

FIGURE 6. Amyloidosis in subepithelial layer of respiratory nasal
region. H & E, x250.

FIGURE 7. Histiocytic sarcoma arising within vagina and cervix and
metastasizing to the liver.

FIGURE 8. Histiocytic sarcoma in liver of SENCAR mouse. a;-An-
titrypsin was found in only a few tumor cells (arrows). ABC im-
munoperoxidase and hematoxylin, x250.
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FIGURE 9. Keratin in areas of squamous metaplasia of a mammary
adenoacanthoma. ABC immunoperoxidase and hematoxylin,
X 250.

ilarly exhibited follicular and paracortical hyperplasia
together with varying degrees of plasmacytosis. Mye-
loid metaplasia was also present in several nodes as
well. These mice did not have skin tumors.

Liver. Four hepatocellular adenomas and two ba-
sophilic foci were found in these mice. Generally, all
nonneoplastic lesions noted were very mild. Patterns of
focal necrosis varied from individual cell to larger, dis-
crete portions of hepatic lobules, suggestive of ischemia.
Livers with individual cell necrosis often had concur-
rent, mild, dense focal infiltrates of neutrophils or mac-
rophages forming small, discrete granulomas. Livers
with ischemic necrosis often had marked tumor infil-
trate. Chronic inflammatory lesions consisted primarily
of small, densely cellular focal infiltrates of lymphocytes
with lesser numbers of plasma cells in portal areas
around central veins or in parenchyma.

Respiratory Tract. Lung tumors displayed both
solid and papillary patterns (Table 2). The tumor cells
frequently contained surfactant apoprotein (SAP), but
never Clara cell antigen, when stained using the ABC
technique. Of two solid tumors stained, both were im-
munoreactive for SAP and of five papillary tumors, one
had foci of intranuclear reactivity for SAP. Nonneo-

FIGURE 10. Prolactin in a pituitary tumor invading into brain par-
enchyma. ABC immunoperoxidase and hematoxylin, X 100.

plastic pulmonary lesions were generally mild. Peri-
bronchial and perivascular lymphoid hyperplasia were
nonspecific and typical of lesions present in many aged
rodents. Interstitial pneumonia was often associated
with lymphoid cuffs around bronchioles and blood ves-
sels as well as with small multifocal areas of thickened
alveolar septae with mononuclear inflammatory cells
and prominent alveolar Type II cells. Some of these foci
may have represented resolving Sendai virus infections.
One animal with interstitial pneumonia also had active
bronchiolitis. A high incidence (78%) of apparent amy-
loidosis of the nasal turbinates was seen (Fig. 6). This
hyaline material, however, did not stain with crystal
violet or Congo red.

Reproductive Tract. Histiocytic sarcoma (reticu-
lum cell sarcoma, Type A; lymphoma, histiocytic) was
the major cause of death (seven mice) and had appar-
ently metastasized to several organs (Fig. 7). Thirteen
mice (22.4%) had this tumor. A few early histiocytic
sarcomas were found in the uterus. We found a;-anti-
trypsin in some tumor cells (Fig. 8) of a few tumors,
using ABC immunocytochemistry, but never S-100, ly-
sozyme, or vimentin. One tumor was easily transplanted
and cultivated in vitro. The rounded tumor cells grew
very slowly in vitro but grew quickly into tumors when
transplanted in vivo.
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FIGURE 11. Glucagon in a hyperplastic pancreatic islet. The major-
ity of the islet cells contained immunoreactive insulin, ABC im-
munoperoxidase and hematoxylin, x250.
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FIGURE 12. Skin papillomas and carcinomas seen clinically in female
SENCAR mice receiving TPA, 1.25 pg once weekly, for 88 weeks.
The decrease in papillomas was primarily due to regression of the
lesions and also to mortality.

FIGURE 13. Poorly differentiated squamous cell carcinoma arising
within a papilloma of a SENCAR mouse receiving TPA. H & E,
x 40.

Uterine cystic endometrial hyperplasia was typical of
that found in aged female rodents and varied from mild
to severe with complete distortion of uterine architec-
ture. One mouse had a severe necrotizing metritis,
which contributed to early death. Ovarian cysts were
present in nearly all animals and ranged from small
cysts to very large thin-walled structures with complete
loss of normal ovarian tissue. In many animals, a large
cystic mass, distended with clotted blood, was present,
often reaching up to 1 em in diameter. Focal angiectasis
was observed on the edge of a few of these hemorrhagic
lesions.

Thirteen mammary tumors were found in eleven
mice. After trypsinization and ABC immunocytochem-
istry, keratin was found in some tumor cells of several
tumors, especially in focal areas of squamous metaplasia
in the adenoacanthoma (Fig. 9).

Cardiovascular System. The vasculitis involved
primarily medium-size to large arteries, especially the
ascending aorta. The distribution of inflammatory cells
varied from multifocal to focally extensive infiltrates
extending from the adventitia into the muscularis with
a pattern typical of periarteritis nodosa. The perivas-
cular inflammatory infiltrate consisted of small lympho-
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FIGURE 14. Ulcer, focal epidermal hyperplasia, and inflammation in
skin of mouse after 88 weeks of TPA exposure. H & E, x40,

cytes, lymphoblastoid cells, macrophages, a few plasma
cells, and neutrophils. The adjacent media exhibited
varying degrees of hypertrophy and hydropic degen-
eration of smooth muscle cells and fibrinoid necrosis. In
several animals, this inflammatory necrotizing process
resulted in fatal rupture of the vessel wall.

Endocrine System. Few mice had endocrine tu-
mors (Table 2). The three pituitary adenomas contained
abundant immunoreactive prolactin (Fig. 10). One tu-
mor adhered to and/or invaded the brain parenchyma
(Fig. 10). Pancreatic islet cell hyperplasia was seen in
35.4% of the mice. The enlarged islets contained diffuse
immunoreactive insulin and focal somatostatin- and glu-
cagon-containing cells (Fig. 11), in a pattern identical
to that of normal islets.

Carcinogenesis by
12-O-Tetradecanoylphorbol-13-acetate

As part of our large skin initiation-promotion studies
of formaldehyde, we had included a group of 30 female
mice that received 12-O-tetradecanoylphorbol-13-ace-
tate (TPA) for 88 weeks. At 8 weeks of age, these 30
mice received 0.2 mL acetone topically on the back.
From 12 weeks of age, they received, once weekly, 1.25
pg of TPA (P. Borchert, Eden Prairie, MN) for up to
88 weeks. Mice were sacrificed at 100 weeks of age, and
a complete necropsy was performed. Acetone controls
were reported above as our aged acetone control mice.
The clinical findings for skin papillomas and carcinomas
are shown in Figure 12. Many of the papillomas appar-
ently regressed clinically. The mean body weight of the
mice in this group were similar to that of mice receiving
only acetone. Two mice died or were sacrificed before
week 24. Of the mice, 60% (18/30) survived past week
88 after acetone initiation (96 weeks of age). Of the 30
mice, 13 were still alive at terminal sacrifice (100 weeks
of age). Histologically at the time of necropsy, seven

mice had papillomas (25% of 28 mice surviving past 48
weeks) and five (17.8%) had squamous cell carcinomas
(including two poorly differentiated carcinomas with
areas of sarcoma) at necropsy. At least two of these
carcinomas were clinically seen to arise from papillomas,
and histological evidence of this was observed (Fig. 13).
Several skin lesions, noted clinically, were recorded as
possible papillomas or plaques that may have been re-
gressing lesions (F'ig. 14). These mice also had a variety
of other tumors, including lung tumors (4 mice), pitui-
tary tumors (2 mice), hemangiosarcoma (3 mice), Har-
derian gland tumors (2 mice), follicular center cell lym-
phoma (3 mice), histiocytic sarcoma (2 mice), mammary
gland tumors (1 mouse), and tumors of miscellaneous
tissues (6 mice). Two of the mice had liver, splenic, and
intestinal amyloidosis.

Discussion

Female SENCAR mice used as controls in skin paint-
ing studies were quite hardy, with more than 50% sur-
viving to 96 weeks of age, despite having serological
evidence of exposure to Sendai virus and mouse hepa-
titis virus. Pulmonary lesions were also compatible with
resolving or chronic Sendai virus lesions. The longevity
of our mice appeared to be considerably longer than
that of CD-1 mice, a parental strain for SENCAR mice
(5,9). The increased survival may have been due to a
low incidence of generalized amyloidosis, a major lesion
in CD-1 mice (4,9). The tumors found in our SENCAR
mice occurred with similar incidence to that in CD-1
mice with some differences (5,9). Histiocytic sarcomas,
mammary tumors, and lung tumors were common in
both stocks of mice.

The glomerulonephritis was unexpected in SENCAR
mice, considering the lack of occurrence of this impor-
tant disease in CD-1 mice. We did, however, find amy-
loid-like deposits in the nasal cavity and thyroid. Glo-
merular lesions were not as severe as those seen in some
lupus-like syndromes but resembled lupus because of
electron-dense deposits in glomerular basement mem-
branes, vasculitis, thymic hyperplasia (10,11), and ne-
phrotic syndrome in a few mice. The association of
CD-1 mouse amyloidosis, abnormal immunoglobulin
synthesis, and glomerulonephritis in SENCAR mice
may be related to defective immune functions in these
stocks of mice. The possible important role of the im-
mune system in ultraviolet skin carcinogenesis in mice
(12,13) suggests that the immune dysfunction in SEN-
CAR mice may also be important for chemical carcin-
ogenesis of the skin (14).

Female SENCAR mice appear to have a very high
incidence of histiocytic sarcoma. This tumor, a charac-
teristic neoplasm of mice, has been variously described
as reticulum cell sarcoma Type A (15), histocytic lym-
phoma (16,17), and malignant schwannoma (18) on the
basis of conventional histologic features. In female mice,
these tumors often arise within the uterus. The specific
cell of origin has not been identified, but tumor cells
have been described as having histochemical and ultra-
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structural evidence of histiocytic differentation (16). We
could not localize common histiocytic antigens, including
iysozyme and vimentin or the Schwann cell marker an-
tigen S-100. We found a;-antitrypsin only occasionally
within tumor cells. Additional studies are needed to
clarify the origin of this tumor.

Islet cell hyperplasia has been associated with obesity
(19). Finding insulin, glucagon, and somatostatin in an-
atomical patterns similar to those in normal islets dif-
ferentiates the enlarged, islets from adenomas, which
would have single hormones or multiple hormones in an
abnormal anatomical distribution (20).

TPA was previously reported to cause skin papillomas
(1,2,21-23) and carcinomas (21) in SENCAR mice. TPA
was first reported to cause skin papillomas in other
strains of mice (26—29). Carcinomas were reported in
fewer studies (26).
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