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HoDIxzINs DSAS has been described as 'a peculiar histo-
logical alteration of lymphoid tissue that is usually classified as one of
the types of malignant lymphoma." 1 Unu aspects of this neoplastic
disease are the occurrence of complicating bacteriaL viral, and fPigal
infections, and an impairment in delayed hypersensitivity."' A reticu-
lum cell sarcoma has been described in aged SJL/J mice which bears a
remarkable morphologic resemblance to the Hodgki's lesion,3'4 but as
yet we are unaware of any reports of major alterations in immunologic
activity in these animals. The present study demonstrates a marked im-
pairment in the ability of SJL/J mice with advanced Hodgkin's-like
disease to form granulomas around schisme eggs, a phenomenon
analogous to delayed hypersensitivity.5

Materials and Methods
Fema SJL/J "old beeder' mice apprmmately 40 weeks of age wee r

fom Jackson Memorial Loties. Prior to expI entation these animaLs w
maintined an aditional 12 weeks, until the first animal died and the postmorim
ezammation revealed the prese of a Hodgis-lke le A total of 21 animas
west , as will be deibed below, in thre su sve e s over
the ntI2-month period; tir ages at the time of study ranged betwee 52 and
60 weeks.
Schis ew we laed by a etho previusy described, fron the

livers of Swim albino fema mice inf for 8 weeks with a Puerto Rican strain
of Schitosoma mnsoni Each SJL/J mouse was given an injection of 1,000 eggs
via a tail v 16 days later the hmgs we oved, presved in 10% bLLffered
formain, sectioned 5 min thickness, and stained with heatoyli and eosinA
From each anmal te s s at last 250 I apart, were sar for eggL
The diametes of the egg and of the reactions au then e mesued with a
Vikers A. E L image-splitting micre eyepiee Te mean granuloma diaeter
for eah animal w determined. At the tme of lmg mval a ptmortem e-
amination was peformed on each mouse, and the foMlwing meas n" we
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recorded: body weight, liver and spleen weights, and the degree of thymus and
lymph node enlargement. Serum specimens were collected from all of the animals,
and parts of the above-mentioned organs were preserved in 10% buffered formalin
for the preparation of tissue sections. The degree of Hodgldn's-like disease, as
detennined by the above observations, was then correlated with the mean granuloma
diameter found in each animal. Antibody formation to schistosome eggs was de-
termined by a passive hemagglutination method, developed by Dr. D. L. Boros
in this laboratory, using glutaraldehyde-fixed sheep red blood cells which were
sensitized with antigens extracted from S. mansoni eggs.7
The effect of Friend virus leukemia on granuloma formation around schistosome

eggs was then studied in DBA/2 femaIe mice obtained from Jackson Memoril
Laboratories. The experiment consisted of four groups of 6 mice each: one group
was not exposed to the virus while the others were inoculated with 1000 leukemia-
producing doses of Friend virus at 28, 19, and 7 days prior to removal of the
lungs, which teminated the study. Each group of mice had received injections of
1000 schistosome eggs 16 days before lung removaL Thus, the three groups of
animals with Friend virus leukemia were exposed to the virus 12 and 3 days prior
to, and 9 days after, injection of schistosome eggs into the lungs.

Results

Hodgidn's-like Dise

Gross pathologic examination of the mice revealed marked variability
in the extent of Hodgkin's-like disease, as determined by the degree of
spleen, thymus, and lymph node enlargement. Of the 21 animals, 2 had
no detectable disease, but 10 had mild, 3 moderate, and 6 advanced
disease (Table 1). The latter 6 animals had strikingly enlarged mesen-
teric lymph nodes. Marked emaciation was not seen in any of the
groups; the mean body weight of those with moderate and advanced
disease was acally somewhat higher than that of those with no or
mild disease, this difference apparently being due to the splenomegaly
and generalized lymphadenopathy (Table 1).

Microscopically, sections from the lymph nodes of the mice with
severe Hodgkin's-like disease revealed many of the characteristics of
the murine lesion. A form of reticulum cell sarcoma characted by
frequent mitotic figures, moderate numbers of plasma cells and eosino-
phils, some giant cells, and some degree of fibrosis was seen (Fig 1).
The sections from the nodes of animals with no gross signs of disease
showed a normal arrangement of lymphocytic and reticular cells (Fig
2). Neoplastic tissue was found in the livers of several of the mice with
advanced disease (Fig 3).

Granuloma Formation

The correlation between the stage of the murine Hodgkin's-like lesion
and the degree of granulomatous reaction to S. mansoni eggs can be
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sb_ of Hodi 4k h~

s in Tal>e 1. Ile hmgs were reoved 16 days after egg m'jeck
wlx the grlans are usually at thpeak in stzd nml
in animals withi no dletecable diSAse&01 e mean gln ldameter
was 16}4 PL Sic the eggs, as measured minbthse sha a maean di-
atmtet of 59 p, the mean lesion adime was 1807'o the piamt pr Of
thie egg ahme (Text-fig 1 ). Thle easurementsmfin nml with mild

diaewere similgr to those in the Imals. Ite 3 ailswith mocl-
crate dihda me gan ul diahmeter of 100 p, and the 6 with
advaned dsaeabout 80 P, whichl was only Slightly greater thn fat
of the egg alone. Two of the animals in the latter group formed virtuaRy
no gan at all (Text-fig 1).- A grnu ntative of the
men imt of the leio in theanml with no diseasqe is compared
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HODGKIN'S DISEASE MODEL 297

to one representative of that seen in those with severe disase in Fig 4.
As the granuoma is a three-dim onal structure, usually spherical in
form, the mean granula volume may be calculated from the mean
granuloma diameter. As shown in Table 1, the mean volume of lesions
in the animals with no disease and mild disease was more than five times
that in mice with moderate and advanced disease. Stafistically, this
differce was highly siglifint: p = <0.0001.

Although antibody to egg antigen was detected by a passive hemag-
gInation est in seums from ntrol mice infected for 8 weeks with
S. mansoni, it was not found in the serum of any of the SJL/J mice given
injections of eggs alone-no matter what the stage of the disease. It
should be pointed out, however, that the injection of eggs leads to very
low antibody titers at 16 days, even in youmg mice.8

Fried Virus kin amiona Flonbon

The youmg DBA/2 control mice used in these experiments formed
larger granulas than the aged SJL/J mice. The animals with early
Friend virus leukeia (they were inoculated with virus 9 days after
egg injetion) reacted in a manner imilar to the controls (Table 2).
The two groups with advanced leukemia, as evidenced by marked
splenomegaly (they received the vis 12 and 3 days before the eggs),
actually formed significantly larger granulomas at 16 days than did the
contmlmice (Table 2).

In a recent review on the Hodgkin's-liKe reticulum cell neoplasm in
laboratory animals, Dunn and Deringer pointed out that the lesions
found in mice bear the closest resemblance to the human lesion. Of
the several different inbred mouse strains that develop this neoplasm,
the lesio in the SJL/J strain is most similar morphologically to that

Table 2. Correlabo in DBA/2 Mice Between Splenomegaly Induced by Friend Virus
Leukemia and Granuloma Formation Around Schistosone E Injected Intravenously
into Lungs 16 Days Previosy

Afnwvirim
inculation mice Mean apomi wt Mean granuloma

No. Type (das) (No) + SE (me) diammOe (,) + SE

I Conrol- 6 94 6 226 9.1
2 Friend virus 7 6 185 + 25 233 ± 8.4
3 Friend virus 19 6 1377 + 128 278 ± 9.7
4 Frend virus 28 6 1360 + 72 261 ±-9.2

-a- sISilapwm 1 vs 2: NS; 2 vs 4: p < 0.025; 1 vs 3. 1 vs 4. 2 vs 3: p < 0.005.
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seen in man, including eosinophilic infiltration, binuclear cells that
closely resemble the Stemnberg-Reed cell, and areas of fibrosis.4 In ad-
dition, the lesions are variable from animal to animal and even in differ-
ent areas of the body of individual aninals. In contradistinction to the
human disease, however, the murine disease occurs only in older mice,
and there is a strong genetic influence.4 In addition, serum protein
changes have been observed, Wanebo et al finding a1 and 2 parapro-
teinemin.as and McIntire and Law demonstrating elevations in the
serum immunoglobulin.10 It should be mentioned that it is relatively
difficult to transplant the Hodgkin's-like neoplasm among inbred ani-
mals.4
The marked morphologic resemblance of the reticulum cell neoplasm

in SJL/J mice to human Hodgkin's neoplasm already has led to studies
utlizing this mouse strain as a model for the human disease. Rubin in-
vestigated the spread of the lesion and the effect of prophylactic irradi-
ation.11 Yumoto and Dmochowski claimed to demonstrate by electron
microscopy leukemia type C virus particles in the mouse lesions.""
One of the most interesting aspects of Hodgkin's disease apparently

has not been studied as yet in this experimental model. Patients with
advanced Hodgkldn's disease lose their delayed sldn reactivity to intra-
dermal antigens and are not sensitized by contact allergens.'Al"8 In
addition, skin graft rejection is prolonged."4 Production of circulating
antibody following immunization, however, is usually unimpaired.12"18
The failure to investigate these anergic aspects of Hodgkin's disease

in the SJL/J mice may be due to the prolonged maintenance necessary
prior to the appearance of the lesion, and to the belief that the mouse is
a relatively poor model for studying delayed skin reactions. Recently, a
new and quantifiable delayed hypersensitivity type of reaction has been
reported to occur in the mouse: granuloma formation around S. mansoni
eggs injected intravenously into the lungs. This reaction is specifically
accelerated and augmented on secondary exposure and is transferrable
by cells but not by serum.5 In addition, the primary reaction is markedly
inhibited by procedures which suppress delayed hypersensitivity, such
as neonatal thymectomy "5 and the administration of antilymphocyte
serum.'6 In the present study, SJL/J mice with moderate and advanced
Hodgkin's-like disease showed markedly diminished granuloma forma-
tion around schistosome eggs, the mean reaction being one-fifth the
volume of that seen in mice with no overt disease or mild involvement.
Two mice with advanced disease actually formed no granulomas what-
soever. It should be pointed out that none of the animals in is study
were emaciated. Furthermore, mice with advanced Friend virus leu-
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kania, which has bee sh n to depress the formation of circulaing
aibolyr17-19 actuall formed nificantly larger granuloas thn did
ontrol anims. Chronic X-irradiation, which also depresses antibody

formaion, did not inhibit granuloma fomai ar d
eggs.7

In cocusion, the d onstration that granuloa formabion is mark-
edly diminished in mice with advanced Hodgln's-like lesions not only
provides fur evidence that the s me egg gaanna is a
form of delayed hypesenstvity but suggests that te reticuhlu cell
neplam in the SJL/J mouse is a suile animal model of Hokins
diseaser

The SJL/J mouse develops a reticulum cell which bears a
remarable m resemblance to the neoplasm of human Hodg-
kin's disease. The t study reveals atmice with advanced Hodg-
kin's-like lesions also resemble hmanc with Hodis disease in re-
spect to an impairment in a delayed hypersensitvity type of rmactio
The granhlomas which form around schistosomeegd into the
lungs of mice with moderate and advance Hodg's-like1 were
less thn one-fifth the volume of those seen m normal mice and in dxose
with only mild lesio. Even the animals with advanced neoplaia were
not in an edtrAminal state. In ctrast the mice with the
Hodgk'S-like lesion, mice with advanced Friend virus leukemia ac-
tuay formed gran significantly larger ose observed in
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Fig 1. Section of a lymph node from an SJL/J mouse with advanced Hodgkin's-like
lesions. Note the mitotic figures, reticular cells with macronucleoli, giant cells, and
plasma cells. Many of the polymorphonuclear cells are eosinophils. Hematoxylin and
eosin. X 435.

Fig 2. Section of a lymph node from an SJL/J mouse with no gross evidence of
Hodgkin's-like lesions. Note the normal arrangement of lymphocytic and reticular ele-
ments. Hematoxylin and eosin. x 435.
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Fig 3. Section from the liver of an SJL/J mouse with advanced Hodgkin's-like lesions.
Note periportal fibrosis and giant cells. Hematoxylin and eosin. X 150.

3
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Fig 4. Representative granulomas from mice with no detectable Hodgkin's-like lesions
(top) and mice with severe lesions (bottom), 16 days after the IV injection of
S. mansoni eggs into their lungs. Hematoxylin and eosin. x 435.
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