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Induction of Leukemia in Rats with Mouse Leukemia (Passage A) Virus." 
(26512) 

LUDWIK GROSS 
(With technical assistance of Yolande Dreyfuss and Lorraine A. Moore) 

Canctv Resparch i ini t ,  V d .  .4dntiriistrntion Hospital, Bronx, N .  Y .  Ci ty  

A mouse leukemia virus (passage A) origi- 
nally isolated from spontaneous Ak leukemia 
and then passed by serial cell-free passage 
through newborn C3H mice ( 1 ) was employed 
in this study. When inoculated into less than 
10-day-old C3H/Bi mice, this virus, now in 
its 27th passage, consistently induces lym- 
phatic leukemia in over 95% of the inocu- 
lated animals after an average latency of less 
than 3 months. 

An attempt was made to determine whether 
this mouse leukemia virus could also induce 
leukemia in rats. 

illaterials and mcthods. Animills. From 
a nucleus of randomly bred Sprague-Dawley 
rats received in June 1960 through the cour- 
tesy of Dr. J. B. hioloney from the Animal 
Production Unit, Nat. Inst. of Health, Beth- 
esda, Md., a small colony of rats has been 
raised in our laboratory by brother-to-sister 
mating. 

Leukemic extracts of 20% concentration 
were prepared in the usual manner( 1 ) from 
thymic and mesenteric lymphoid tumors, as 
well as spleens and livers pooled from several 
C3H/Bi mice with passage-A-virus-induced 
leukemia. 

Following centrifugation, at O"C1, at 3.000 
rpm for 15 minutes, then at  9,500 rpm for 5 
minutes, the final supernate was passed 
through Selas, porosity 02, filter candles, and 
immediately used for inoculation of newborn, 
less than 1 day old, Sprague-Dawley rats. 
All inoculations were intraperitoneal (0.5 ml 
each). The animals were weaned when about 
3 weeks old, separated by sexes, and kept for 
observation. 

In the first experiment, a 
newborn litter consisting of 6 females and 5 
males was inoculated with the leukemic fil- 
trate. Eight of the 11 rats (73%) developed 
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leukemia a t  3 to 4 months of age; the remain- 
ing 3 rats are still in good health a t  5 months 
of age. Among the leukemic rats, 3 had very 
large thymic lymphosarcomas filling out al- 
most the entire chest cavity; 3 other rats had 
very large thymic lymphosarcomas, but also 
very large spleens, large livers, and moder- 
a tely large mesenteric lymphosarcomas ; the 
remaining 2 rats had a generalized stem-cell 
leukemia (Fig. 1). No enlargement of in- 
guinal or asillary lymph nodes was noticed 
in any of these animals. Only 2 rats had a 
high peripheral (tail) white blood count; the 
highest count was 403,000 WBC per cu mm 
with 95% stem cells (Fig. 2 ) .  In other rats, 
the peripheral blood changes were moderate, 
with slight, if any, elevation of the white cell 
counts and only occasional presence of blast 
cells; all leukemic rats, however, had anemia. 

In a second experiment, a litter consisting 
of 7 newborn rats was inoculated with the 
leukemic filtrate; 4 rats (57$),  thus far, 
have developed leukemia a t  4 to 4% months 
of age. One had a generalized stem-cell leu- 
kemia (188,000 WBC per cu mm), and one 
a generalized lymphatic leukemia; 2 had very 
large thymic lymphosarcomas with no other 
pathology. The remaining 3 rats now 5 
months old, are still in good health. 

In  a third experiment, now in progress, 3 
newborn litters, consisting of a total of 21 
rats, were inoculated with the leukemic fil- 
trate; 12 rats have thus far (57%) devel- 
oped leukemia at  275 to 3 months of age; 
the remaining 9 are still in good health, but 
are only 3 months old now. Among the leu- 
kemias observed, 4 were thymic lymphosar- 
comas, 7, were generalized lymphatic leuke- 
mias and one was a stem-cell leukemia. 

Discussion. Experiments reported here 
suggest that newborn rats of the Sprague- 
Dawley strain are susceptible to the leukemo- 
genic action of the mouse-leukemia-derived 
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FIG. 1. Rat of Suraeue-Dawlev strain inoculate( 3 

are available. We have not yet seen a spon- 
taneous leukemia among our untreated ani- 
mals of this strain. 

Whereas i t  is relatively easy to recognize 
leukemia in the live mouse, the difficulties 
are more pronounced in the rat. Labored 
breathing may be indicative of a thymic lym- 
phosarcoma, but is diagnostic only in more 
advanced phases of the disease. Enlarged 
spleen is another sign of certain forms of gen- 
eralized leukemia in the rat, but is not always 
present; furthermore, i t  may not be easy to 
palpate the abdomen of adult rats and detect 
a moderate spleen enlargement. Blood counts 
are reliable as a diagnostic aid, but only in 
cases in which leukemia involves the periph- 
eral blood; quite frequently, however, the dis- 
ease may be aleukemic. Thus the investigator 
must frequently base his diagnostic con- 
siderations in live rats not only on peripheral 
blood examination, but also on the general 
appearance and behavior of the animals, their 
relative strength, weight, and manner of 
breathing. Curiously, the inguinal and axil- 
lary lymph nodes were not prominently en- 
larged in most leukemic rats thus far observed 
in our studies, thus adding to diagnostic dif- 
ficulties; in mice, the often, although not al- 
ways, prominently enlarged peripheral lymph 

(.5 ml i.p.) when jess" than 1 cfay old with-mousc 
leukemia (passage A) filtrate. As a result, general- 
ized leukemia develoDed after a latencv of 4 mo. 

nodes in either spontaneous, or filtrate-in- 
duced, leukemia facilitate diagnosis in the live 

Note large mediastink1 and mesenteric tLmors, very 
large spleen, and large liver. Blood examination 
showed stem-cell leukemia (see Fig. 2).  Bone mar- 

row was also leukemic. 

passage A virus. The incidence of leukemia 
thus far induced in rats varied from 57 to 
737%; however, among the inoculated ani- 
mals, those that remained free from leukemia 
are still young, and some may develop leuke- 
mia later. It is our impression that final inci- 
dence will exceed SOY,, and will thus be only 
slightly lower than that observed following 
inoculation of the same virus into suckling 
mice of susceptible strains. Rats of the 
Sprague-Dawley strain are not homogeneous, 
and susceptibility may vary from one litter to 
another. The incidence of spontaneous leu- 
kemia in rats of this stock is very low. and 

FIG. 2. Blood smear from tail of a rat in which 
leukemia develoued f ollowinp: inoculation of mouse 
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animal. No diagnostic difficulties were en- barrier and induce a similar disease in ani- 
countered, however, once the leukemic rats 
died or were sacrificed, and their internal or- 
gans were inspected. The large thymic tu- 
mors, frequently enlarged spleens and livers, 
and mesenteric tumors, could hardly be 
missed. The blood morphology was diag- 
nostic only in some animals; in others, the 
disease was aleukemic, with only insignificant 
changes in blood morphology. Similarly. mi- 
croscopic sections of internal organs, such as 
spleen, liver, or kidneys, showed infiltration 
with leukemic cells only in animals with gen- 
eralized leukemia. The femoral bone marrow 
of the leukemic rats was examined in several 
instances, and was usually found to be leuke- 
mic; however, in at  least 2 of those leukemic 
animals in which the disease was limited to 
very large thymic lymphosarcomas, the bone 
marrow was found to be non-leukemic. This 
was consistent with our previous observations 
on virus-induced mouse leukemia (Gross, un- 
published), in which occasionally mice with 
typical, but early, leukemia had non-leu- 
kemic bone marrow. I t  is possible that the 
leukemic process may initially develop in 
the thymus, or in another organ such as 
spleen, then spread rapidly to other organs 
of the host, including also the bone marrow. 
Accordingly, the bone marrow may represent 
a secondary, and not necessarily a primary. 
site of the disease. 

It is of considerable interest that a mouse 
leukemia virus could induce leukemia in rats, 
even though the same virus has been observed 
to display a specific affinity for particular in- 
bred strains of mice( 2 ) .  The host specificity 
of the Ak-leukemia-derived mouse virus was 
more pronounced in our early studies(3) in 
which extracts of relatively low potency were 
employed. Even the more recently employed 
potent passage virus, however. is still more 
leukemogenic for certain inbred strains of 
mice, such as C3H/Bi, or C57 Brown/cd, 
than for others, such as C3H/Ar,, BALB/c, 
or A(  2 ) .  The curious phenomenon was thus 
observed that a leukemic virus may display 
specificity for certain strains of mice, or even 
for certain sublines of inbred strains(3), yet 
the same virus may be able to cross a species 

mals of 2 different species. 
Other oncogenic mouse viruses also have 

been observed to induce leukemia in rats. 
Graffi and Gimmy (4) observed development 
of leukemia following inoculation of newborn 
rats of either Sprague-Dawley, or Wistar 
strains with a leukemogenic virus isolated 
from transplanted mcuse tumors: the inci- 
dence of leukemia, however, induced with 
this mouse virus in rats was low and aver- 
aged only l O % ( S ) .  Moloney, employing for 
inoculation a leukemogenic mouse virus iso- 
lated from transplanted mouse sarcoma 37, 
was able to induce an incidence of leukemia 
exceeding 7076 in rats of the Sprague-Daw- 
ley strain (6).  

It thus appears that a mouse leukemia vi- 
rus may induce leukemia also in rats. The 
tissue-culture-grown parotid tumor (poly- 
oma) virus(7), which is essentially an onco- 
genic virus originally isolated from leukemic 
mouse tissues (8) ,  also induces tumors not 
only in the host of the origin, i.e., in mice, 
but also in hamsters(9), and rats(l0). The 
oncogenic viruses may be in general much 
less species-specific than might have been 
anticipated. 

Addendum. As this manuscript goes to press, ad- 
ditional data became available suggesting that the 
leukemic virus could be readily recovered from rats 
in which leukemia had been induced with passage 
A filtrate, and could then be passed from rat to rat. 
From leukemic organs of one of the rats in which 
leukemia developed following inoculation of passage 
.4 (mouse leukemia) filtrate, a filtered (Selas 02) 
extract was prepared in the usual manner, and in- 
oculated into 9 newborn Sprague-Dawley rats. After 
la short latency of only 2 months, 8 out of the 9 
inoculated rats (89%) developed leukemia ; two rats 
had very large thymic lymphosarcomas, and the re- 
maining 6 had a generalized lymphatic leukemia. 

Summary. 1. A mouse leukemia virus, 
originally isolated from spontaneous Ak leu- 
kemia, then pssscd serially through newborn 
mice (passage A ) ,  and consistently leukemo- 
genic for suckling mice of susceptible strains, 
was found to be leukemogenic also for new- 
born rats. 2. Following intraperitoneal in- 
oculation of passage A filtrates into newborn 
Sprague-Dawley rats, leukemia developed in 
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from 57% to 73% of the inoculated animals, 
after a latency varying from 2% to 4:/2 
months. 3. Either localized thymic lympho- 
sarcomas, or generalized lymphatic leukemia, 
involving also spleen, liver, and mesenteric 
lymph nodes, developed in the inoculated ani- 
mals. A few rats developed acute stem- 
cell leukemia. 

1. Gross, L., PROC. SOC. Em. BIOL. AND MED., 

2. - , Acta Haenzat., 1960, v23, 259. 
3. - , PROC. Soc. EXP. BIOL. AND MED., 1955, 

1957, v94, 767. 

v88, 64. 

4. Graffi, A., Gimmy, J., Natumissenschaften, 

5. Graffi, A., Progr. Exp .  Tumor Res., Karger Publ., 

6. Moloney, J., Nut. Cancer Znst. Monograph N o .  

7. Eddy, B. E., Stewart, S. E., Berkeley, W., 

8. Gross, L., ibid., 1953, v83, 414. 
9. Eddy, B. E., Stewart, S. E., Young, R., Mider, 

10. Eddy, B. E., Stewart, S. E., Stanton, M. F., 

1957, v44, 518. 

1960, vl, 112. 

4 ,  1960, 7. 

PROC. Soc. E m .  BIOL. AND MED., 1958, v98, 848. 

G. B., J .  Nat .  Cancer Znst., 1958, v20, 747. 

Marcotte, J. M., ibid., 1959, v22, 161. 

Received February 21, 1961. P.S.E.B.M., 1961, v106. 

Serum Free Cholesterol and Atheroma in Young Cockerels. (26513) 

CLYDE T. CALDWELL (Introduced by M. H. Kuizenga) 
Nutrition and Metabolic Diseases, Upjohn Co., Kalamazoo, Mich. 

Partial conversion of free to combined cho- 
lesterol upon incubation of normal human 
serum has been reported ( 1 ) . Thirty-one to 
50% decrease in free cholesterol occurred 
when serum from 20 normal patients was in- 
cubated ( 2 ) .  Incubation of serum from most 
patients with active coronary atherosclerosis 
resulted in less than normal conversion (3).  
These observations suggested the value of 
studying the relationship between serum free 
cholesterol not combined upon incubation and 
development of atheroma in normal and 
atherosclerotic young cockerels. 

Material nnd methods. Approximately 4 
wk old White Leghorn cockerels were used. 
Normal birds were fed a commercial chick 
growing mash ad lib.* Atherosclerosis was 
induced by feeding the basal diet containing 
.5?6 cholesterol deposited from ethyl ether 
soh tion. Atherosclerotic condition was 
evaluated as % area of the aorta, brachioceph- 
alic, and iliac arteries involved in plaque for- 
mation. Pooled blood serum from each group 
was incubated 30 hr at 37-38°C. Other meth- 
ods employed have been described (4). 

Extent of artery 
involvement and serum cholesterol data be- 

Results and discussion. 

* Little Brothers Chick Growing Mash, Little 
Brothers, Kalamazoo. 

fore and after incubation were determined in 
3 series of groups of birds, representing nor- 
mal, mild spontaneous, and severe choles- 
terol-induced atherosclerosis respectively 
(Tables I, 11, 11). Total cholesterol values 
did not change appreciably upon incubation. 
Last column in each table shows the % ori- 
ginal free cholesterol remaining after serum 
incubation. 

Of particular interest is the incubation in- 
crease of % uncombined free cholesterol from 
normal (17. to 45) through mild spontaneous 
(45 to 56) and severe chdesterol-induced 
atherosclerosis (57 to 87%). The range, 17 
to 4576, for normal birds suggests an increas- 
ing tendency toward atherosclerotic develop- 
ment although plaques were not grossly ob- 
servable (Table I ) .  Corresponding results, 
45 to 56%, associated with the first appear- 
ance of plaques as inild spontaneous athero- 
sclerosis in birds on normal diet support this 
suggestion (Table 11). 

Plaques were always found when more ori- 
ginal free cholesterol remained than was com- 
bined upon incubation. They were not found 
when less than 45% remained. Approxi- 
mately 57% marked the beginning of severe 
atherosclerosis. This narrow range for mild 
spontaneous artery involvement represents a 


