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Malignant Lymphoma

Human Disease: Malignant Lymphoma

Animal Model: Lymphosarcoma in Cattle, Sheep, Horses and
Pigs (Malignant Lymphoma, Leukosis, Leukemia)

Contributed by: Janice M. Miller, DVM, PhD, US Department of Agrichlture,
Agricultural Research Service, North Central Region, National Animal Disease
Center, PO Box 70, Ames |A 50010.

Biologic Features

Lymphosarcoma has been reported in all domestic farm animals, but
the disease has been most thoroughly investigated in cattle. In the
bovine, there are four distinct clinicopathologic forms which differ as to
age of host and anatomic distribution of tumors.! The most common
form is the adult, seen in cattle over 2 years of age. Organ involvement
is not consistent, but tumors are most often found in lymph nodes,
heart, abomasum, and uterus (Figure 1). In the adolescent thymic
form, which occurs between the ages of 6 and 30 months, the primary
neoplasm involves thymic tissue, although lymph nodes and other organs
may also be affected. The calf form usually appears in animals less than
6 months old and is characterized by a generalized proliferation of lym-
phoreticular tissue in lymph nodes, liver, spleen, and bone marrow. Skin
lymphosarcoma is relatively rare. Usually, the cutaneous lesions dis-
appear, but the disease subsequently recurs in the more typical and fatal
adult form.

Epidemiologic studies indicate that the adult form of bovine lympho-
sarcoma is enzootic in some areas of the United States and Europe, with
a large percentage of cases coming from isolated multiple-case herds.»?
Such herds usually contain cattle with persistent lymphocytosis, and
many investigators consider this condition a preclinical phase of lym-
phosarcoma. In recent years, research on bovine lymphosarcoma has
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Fig 1—Lymphosarcoma, bovine
heart. Tumor nodule in right
. atrium (arrow).

focused on a C-type virus ( Figure 2) isolated from affected cattle.®* The
virus was shown to induce persistent lymphocytosis in experimentally
inoculated calves, but its oncogenic potential was more clearly indicated
by the production of lymphosarcoma in sheep.**

Spontaneous lymphosarcoma in sheep is similar to the adult form
described for cattle.® Flock enzootics and persistent lymphocytosis have
been reported, and a C-type virus was demonstrated in some sheep.

There is no record of lymphosarcoma occurring enzootically in horses,
and most cases reported have been in aged animals.” In contrast, lym-
phosarcoma of swine is seen primarily in immature pigs.® One multiple-
case herd has been reported, with strong implications of a genetic factor
involved in transmission. Some miniature pigs fed *Sr for extended
periods have developed lymphoreticular and plasma cell neoplasias,
but myeloproliferative disorders are more common.

Comparisons with Human Disease

In general, lymphosarcoma of slaughter animals is analogous clinically
and pathologically to lymphosarcoma in man.*® Incidence of the disease
increases with age and tumors are not restricted to primary lymphoid
organs. There is also a similarity of histologic features, since neoplastic
components may include any cell of the lymphoreticular series at any
level of differentiation. The persistent lymphocytosis associated with
enzootic bovine lymphosarcoma may bear comparison to chronic lym-
phocytic leukemia (CLL) of man. In both diseases, peripheral lympho-
cytosis may persist for several years before involvement of other tissues
becomes evident. The cytopathology of bovine lymphosarcoma differs




Fig 2—C-type virus particles
from lymphocyte culture of a cow
with lymphosarcoma (X 92,000).

from that of CLL, however. The bovine disease is characterized by a
proliferation of relatively undifferentiated cells, whereas in CLL there is
a gradual accumulation of small, well-differentiated lymphocytes.

Potential of Animal Model

Bovine lymphosarcoma could be a very useful model for studies of
the various viral, genetic and environmental factors which might in-
fluence the pathogenesis of this condition. Cattle, especially dairy ani-
mals, are well suited for epidemiologic investigations because breeding
and health records are usually readily available. The induction of lym-
phosarcoma in sheep by bovine C-type virus provides another experi-
mental model for research on the basic mechanisms of viral leukemo-
genesis.
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Monoclonal Gammopathies

Human Disease: Monoclonal Gammopathies.

Animal Model: Animal Monoclonal Gammopathies (Mice,
Dogs, Rabbits and Cats).

Reprinted from:
COMPARATIVE PATHOLOGY BLLLETIN
1:1, February 1975

Contributed by A. I. Hurvitz, D.V.M., PhD; Head of Pathology,
The Animal Medical Center, New York, N.Y. 10021

Biologic features: Studies on homogeneous immunoglobulins
have contributed significantly to our understanding of normal
immunoglobulins and antibodies. In man, patients with mono-
clonal gammopathies such as multiple myeloma or Wal-
denstrom’s macroglobulinemia frequently have large quanti-
tites of homogeneous immunoglobulins in their sera (I,2).
Spontaneous, functional plasma cell dyscrasias have also been
encountered with increasing frequency in the dog and more re-
cently in the cat. Studies of the pure proteins isolated from such
animals led to a clearer understanding of the classes of canine
and feline immunoglobulins and to a fuller appreciation of the
structural relationships between these proteins and their coun-
terparts in man (2-6).

Although there are only a few reports of spontaneous plas-
macytomas in the mouse (7,8), it has long been possible to in-
duce such tumors in certain inbred strains with mineral oil ad-
juvants (9). Studies using these tumors have contributed greatly
to our understanding of plasma cell mutation rates (10) and vari-
ous aspects of immunoglobulin biosynthesis (11), structure
(12-15) and function (16-18). The search for additional
homogeneous immunoglobulins has recently been extended to
include the homogeneous antibodies produced by some rabbits
inresponse to certain bacterial antigens (19). Such proteins have
been employed in the delineation of variable region allotypic
markers and certain features of antibody combining sites.
Essentials for Definitive Recognition: Monoclonal gam-
mopathies are clinical experiments of nature that provide a
unique source of homogeneous immunoglobulins for isolation
and study. Several types of plasma cell or plasma cell-like pro-
liferative disorders exist that are allied to the classic syndrome
of multiple myeloma. Analysis of the serum electrophoretic pat-
terns in these disorders reveals lowered albumin and elevated
globulin appearing as a narrow, homogeneous band. The ab-
normal globulin (paraprotein) is homogeneous as compared to
diffuse patterns found in other diseases, such as protracted in-
fections and chronic parasitic conditions, producing
hypergammaglobulinemia (Fig. 1).

Demonstrated Usefulness of This Model: The isolation and
characterization of the resulting homogeneous proteins indicate

e

Fig. 1. Stained electrophoretic strips. Top: Narrow band on left (-) charac-
terizes monoclonal gammopathies. Bottom: Broad band on left (—) charac-
teristic of the polycional gammopathles. Dark bands on right ( +) represent al-
bumin.

their suitability not only for studies of antigenic relationships be-
tween immunoglobulins of different species, but also for amino
acid sequence analysis. Such sequence studies should provide
further information concerning the distribution of species
specific residues (20) and the evolutionary history of the various
portions of the immunoglobulin molecule. In addition, they
may be useful in delineating the temporal relationship between
species divergence and immunoglobulin diversification.

A new polypeptide component, termed ‘J*” chain, has been
found in certain human and rabbit polymerized classes of im-
munoglobulins (21). A recent report describes the isolation and
partial characterization of a **J’’ compenent from a canine IgA
myeloma protein containing exclusively polymeric forms (22).

The relatively greater tendency of canine IgA molecules to
polymerize as compared with either human or marine IgA
molecules suggests that canine monoclonal IgA protein may be
especially useful as a source of ‘‘J’’ component for sequence
studies.

Availability: Spontaneous cases of myeloma are rare in dogs,
but thorough search in large clinics may well turn up more
cases. The availability of representative homogeneous
immunoglobulins from a wider variety of species would
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greatly aid the resolution of numerous questions concerned
with phylogenetic aspects of immunology.
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Hereditary Fructose Intolerance

Human Disease: Hereditary Fructose Intolerance

Animal Disease: Sustained Intraportal Infusion of Rats with Fructose

Contributed by: M. J. Phitlips, MD, Dinah T. Yu, MD, PhD and Helen B. Burcn,
PhD, Department of Pathology, Umver5|ty of Toronto Toronto, Ontario, Canada
and Department of Pharmacology, Washington Umversvty, St. Loms MO 63130

In hereditary fructose intolerance, the metabolic error is a defect of
aldolase B in hepatic, jejunal absorptive and renal tubular cells. ** After
fructose administration, there is intracellular accumulation of fructose-1-
phosphate *7 and compelling evidence of depletion of ATP ® associated
with functional impairment and cellular damage.® The functional im-
pairment is characterized by prolonged hypoglycemia, renal tubular
acidosis and diarrhea. The acute subcellular injury is characterized by
hyaloplasmic rarefaction, formation of pleomorphic membranous whorls
and prominence of the smooth endoplasmic reticulum.® **

Comparison with Human Disease

Fructose administration to rats by intravenous or intraperitoneal
injection is known to result in retention of metabolites, especially
fructose-1-phosphate, and a drop in hepatic ATP levels of transient
duration. > ®* Continuous infusion of a concentrated fructose solution
via mesenteric vein catheter induces sustained accumulation of fructose-
1-phosphate and marked reduction in ATP (Figures 1 and 2). The
mechanism of the fructose-1-phosphate accumulation is primarily due
to oversaturation of the capacity of aldolase. The rapid phosphorylation
of fructose ties up the available ATP and phosphate ions, setting the
stage for degradation of adenine nucleotides. One of these degradation
products—inosine monophosphate—inhibits aldolase B so that, second-
arily, there is further accumulation of fructose-1-phosphate.’* Concom-
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itant with these biochemical changes, cellular structural alterations
occur, namely hyaloplasmic rarefaction, segmental degranulation of
rough endoplasmic reticulum with formation of pleomorphic mem-
branous whorls, nodular aggregation of smooth endoplasmic reticulum
and simplification and decrease in size of the Golgi apparatus ** (com-
pare Figures 3 and 4). Rats infused with other hexoses—glucose, glucose
analogs, galactose and mannose—showed no electron microscopic lesions
nor alterations in hepatic ATP and fructose-1-phosphate levels under
similar experimental conditions. It is evident, therefore, that in rats
sustained fructose loading induces acute hepatocellular lesions that are
the morphologic and biochemical counterpart of those seen in the human
disorder—hereditary fructose intolerance. In the experimental model,
fructose-induced lesions similar in type to those in the liver have also
been noted in intestinal absorptive cells and renal tubular cells, which
correspond to those described in hereditary fructose intolerance.'® ™




Fig 3—Human liver from a patient with hereditary fructose intolerance following in-
gestion of fructose. Part of one liver cell showing diffuse rarefaction of hyaloplasm
associated with widespread membranous alterations. Note the tendency to form con-
centric whorls (Osmic acid, original magnification X 25,987).

Usefulness of Model

This experimental model can be used to study the pathogenesis and
biochemical pathology of the subcellular lesion in this disorder. It will
also allow insight into the pathophysiology of the cellular dysfunction
observed.
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Oxygen Toxicity

Human Disease: Oxygen Toxicity

Animal Model: Oxygen Toxicity in Nonhuman Primates

Contributed by: F. R. Robinson, DVM, PhD (Lt Col, USAF VC), H. W. Casey, DVM,
PhD (Lt Col, USAF VC) Veterinary Pathology Division, Armed Forces Institute of

Pathology, Washington, DC, 20306 and E. R. Weibel, MD, Anatomisches Institut
der Universitat Bern, Bern, Switzerland.

Biologic Features

This paper deals with pulmonary oxygen toxicity in nonhuman primates
after they have breathed concentrations of oxygen known to produce
disease in man.'® This disease was studied in several species of non-
human primates;*® baboons (Papio sp) were considered the animal
model of choice because of the similarity of their pathologic response to
that seen in man. Similar pathologic features were also observed in rhesus
monkeys (Macaca mulatta) and cynomolgus monkeys (Macaca irus
fascicularis); baboons were preferred, however, for the study of oxygen
toxicity, as both of the Macaca species more frequently have naturally
occurring pulmonary lesions from infestations of lung mites.®

Baboons and Macaca sp breathing 100% oxygen at normobaric pres-
sure progress to an acute stage of oxygen toxicity in 2 to 4 days and, in
those that survive, to a subacute phase in 7 to 12 days. If the animals
are retained in this environment, death ensues in 20 to 22 days. Arterial
partial pressures of oxygen remain at high levels until the later stages of
the disease. Terminally, exchange of respiratory gases decreases signifi-
cantly, and the animals become progressively anorectic, cyanotic and
dyspneic, and they eventually die.

Toxicity of 100% oxygen at normobaric pressure is manifested as exuda-
tive changes in the lung during the acute stage and as proliferative
changes during the subacute stage. In the animals that die after 7 to 10
days’ exposure there is often a terminal exudation of edematous fluid in
addition to the proliferative changes.*® Initially, massive exudation of
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Fig 1—Lung of a ba-
boon exposed for 7
days to 100% oxygen
at normobaric pres-
sure. Alveolar edema
is resolving, forming
fibrinous strands. Sep-
ta are thickened, and
alveolar lining cells
are enlarged and nu-
merous (H&E, X 165).

edema fluid into the alveoli occurs after 2 to 4 days’” exposure, resulting
in marked distention of the lymphatic channels. Alveolar septal edema
also is pronounced. If the exudation is not overwhelming, resolution
begins, hyaline membranes form, and there is variable influx of inflam-
matory cells (Figure 1). The proliferative phase becomes recognizable
by light microscopy after 5 to 7 days’ exposure as a decided increase in
the number of type 2 pneumocytes. By 12 days the alveoli are almost
completely lined by the large type 2 cells, increasing the thickness of
the blood-air barrier by four to five times (Figure 2). Early interstitial
fibrosis is evident, and subacute inflammation of the septa may be focal
or diffuse.

With additional exposure the proliferation of alveolar lining cells
continues, interstitial inflammation becomes severe (Figure 3), and
acute exudation and hemorrhage may occur terminally after about 3
weeks’ exposure.

Other pulmonary irritants such as ozone and nitrogen dioxide cause
lesions similar to those described above for the acute stage, but prolifera-
tive lesions, particularly the extensive hyperplasia of the type 2 pneu-
mocytes, have not been reported in nonhuman primates. This lack of
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Fig 2—Change in arithmetic
mean thickness of air-blood 6
barrier of lungs of Macaca
mulatta exposed to 100% oxy-
sgen at normobaric pressure.
(Monkeys killed immediately
after exposure, solid circles;
Monkeys allowed to recover, 4
open circles; control animals,
C). (Lab Invest 20:101, 1969,
used by permission).
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cellular proliferation may be a factor of selecting the proper dose-time
relationship with other irritants, since, in the simplest terms, oxygen as
described above is a chemical irritant.

Comparisons with Human Disease

Although it is frequently difficult to distinguish lesions caused by
therapeutic administration of oxygen from those caused by preexisting
disease, retrospective studies have determined that both the exudative
and proliferative lesions described above occur in human patients.®*
The lesions encountered in the so-called respirator lung syndrome are
now considered to be the result of oxygen toxicity.”

Usefulness of Model

This nonhuman primate model has been important in elucidating
the pathogenesis of oxygen toxicity and substantiating the theorized
cause of similar lesions in the lungs of humans. Because the pathologic
response of the lungs of these animals is more similar to that in man,
compared to that in other animal species (dog, rat and mouse), investi-
gators are encouraged to use the primate model in the further study
of the biochemical mechanisms of oxygen toxicity which have not yet
been well defined.?*



Fig 3—Lung of a Ma-
caca mulatta exposed
for 22 days to 100%
oxygen at normobaric
pressure. Septa are
severely thickened
with fluid, connective
tissue and inflamma-
tory cells. Alveolar
lining cells are en-
larged and numerous
(H&E, x 170).

Availability

Baboons and Macaca sp are available in adequate numbers.
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Malignant Lymphoma

Human Disease: Burkitt’s Lymphoma, Malignant Lymphoma and
Lymphocytic Leukemia

Animal Model: Herpesvirus-Induced Malignant Lymphoma in
Nonhuman Primates

Contributed by: Ronald D. Hunt, DVM and Luis V. Meléndez, DVM, New England
Regional Primate Research Center, Harvard Medical School, Southborough,
MA 01772.

Biologic Features

Herpesvirus saimiri and Herpesvirus ateles were first isolated in our
laboratories from an apparently healthy squirrel monkey (Saimiri
sciureus)* and spider monkey (Ateles geoffroyi),® respectively. The squir-
rel monkey is the natural host for H saimiri in which the virus is trans-
mitted horizontally, so that by adulthood most animals are affected. The
mechanism of viral release from the squirrel monkey or the route of
introduction to other monkeys is not known. The virus is apparently
carried for the life of the animal, and although free virus cannot be
found, it can regularly be recovered by cultivating lymphocytes, alone
or with a susceptible cell { cocultivation). In vitro the virus induces a
characteristic herpetic cytopathic effect. No disease has been associated
with naturally or experimentally infected squirrel monkeys.

Spider monkeys are the natural hosts for H ateles and available evi-
dence indicates a similar host-virus relationship to H saimiri in squirrel
monkeys.

H saimiri has been shown to induce malignant lymphoma, often with
leukemia, in marmosets (Saguinus oedipus), spider monkeys (Ateles
geoffroyt), owl monkeys (Aotus trivirgatus) and rabbits.** In marmosets
and owl monkeys the frequency of the malignancy approaches 100%. The
course from inoculation to death ranges from 13 to 116 days in marmosets
and 16 to 248 days in owl monkeys. The lymphoma is characterized by
diffuse cellular infiltration of most organs and tissues, only rarely accu-
mulating as solid masses. The cell type is most often lymphoblastic but
may also be lymphocytic, reticulum or stem cell type. When leukemic,
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Fig 1—Lymphoblasts invading the myocardium of an owl monkey infected with
H saimiri.

peripheral blood counts range from a twofold increase to over 300,000
cells/cu mm. Cytocidal herpesvirus lesions are not a feature of the
disease, and no infectious virus is present in affected animals. However,

Fig 2—Invasion of hepatic sinusoids by lymphoblasts in an owl monkey infected with
H saimiri.



Fig 3—Lymphoblasts in a lymph node of a marmoset affected with H ateles.

virus is released rapidly when neoplastic cells are cultured.

Two examples of spontaneous H saimiri lymphoma have been re-
corded in owl monkeys.®

H ateles has been shown to induce malignant lymphoma and leukemia
in S oedipus resulting in 100% mortality 26 to 40 days after inoculation.®?
The pathologic features are similar to H saimiri lymphoma, but total
white blood cell counts are rarely more than three times normal. Spon-
taneous lymphoma has not been recorded, aside from H ateles lymphoma
in a contact control marmoset.

Comparison with Burkitt’s Lymphoma and Epstein Barr Virus

Human beings are the natural hosts for Epstein Barr virus (EBV).
Most people become infected and carry the virus for life, a situation
analogous to that of H saimiri and H ateles in monkeys. However,
primary infection with EBV is known to produce infectious mononu-
cleosis, a self-limiting reticuloproliferative disease. A similar syndrome
has not been associated with H saimiri or H ateles but may have been
overlooked. There is also good evidence that under appropriate but
unknown circumstances, EBV causes Burkitt’s lymphoma and nasophar-
yngeal carcinoma. Similar diseases have not been associated with
H saimiri or H ateles in their natural hosts,® but with the few monkeys
examined and the low incidence of the diseases in human beings, it is



not surprising that the association has not been made even if it exists.
H saimiri and H ateles do, however, cause lymphoma in other species of
monkeys. EBV genome appears to exist in Burkitt’s lymphoma cells and
nasopharyngeal carcinoma cells in a manner analogous to H saimiri and
H ateles in neoplastic cells of monkeys. The pathologic features of
Burkitt’s lymphoma and H saimiri and H ateles lymphoma are com-
parable in that all are neoplastic diseases of lymphocytes, but pathologic
features of the neoplasms vary, e.g., Burkitt’s lymphoma usually pro-
duces solid tumor masses, has a characteristic “starry sky” pattern micro-
scopically and is not leukemic. However, the animal model systems with
H saimiri and H ateles provide excellent laboratory systems to study the
mechanisms of herpesvirus oncogenicity and provide support for the
oncogenicity of EBV (and other herpesviruses) in human beings.®

Availability

Herpesvirus saimiriis available through the American type culture. Both
H saimiri and H ateles can be obtained through Dr. Luis V. Meléndez.
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