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Properties of a Lymphocytic Leukemia Agent Isolated 
From Ha/ICR Swiss Mice.* (29230) 

RITA F. BUFFETT, JAMES T. GRACE, JR., AND EDWIN A. MIRAND 
Roswell Park Memorial Institute, Buflalo, N .  Y .  

An agent which induces lymphocytic leu- 
kemia in a large percentage of Swiss mice 
was isolated during experiments which origi- 
nated with the assay of human tumors and 
leukemias for the presence of oncogenic 
agents ( 1 ) . 

In  October, 1958, 15 newborn Hauschka 
ICR (Ha/ICR) Swiss mice were injected 
with a cell-free filtrate of the bone marrow 
from a young woman with acute myelocytic 
leukemia. Four and one-half months later, 
one of these mice, a female, developed a 
mammary adenocarcinoma, with lymphoid 
hyperplasia in the adjacent lymph nodes. 
Passage of kidney, liver and spleen homoge- 
nate was made from this animal; subsequent- 
ly, blind passages of similar homogenates 
were made to suckling mice. Parallel pas- 
sages of normal organs from normal mice of 
comparable ages served as passage controls 
throughout. 

One female from the fifth passage devel- 
oped leukemia a t  7 months of age. A cell- 
free filtrate of kidney, liver and spleen was 
concentrated (5 X the original 10% suspen- 
sion of tissue, weight/volume) and injected 
into 9 newborn Swiss mice. Three females 
from this litter developed leukemia Sf/,-lO$ 
months later, Two successive passages were 
then made. The supernatant fluid from a 
10% suspension of leukemic tissue was in- 
jected into suckling (9 days old) Swiss mice, 
followed by another blind passage to ll-day- 
old mice one week later. 

Seven months later the 8th passage+ was 
made from 2 female mice, one with lympho- 
cytic leukemia and mammary carcinoma, the 

* This situdy was suppoFted in part by grants from 
John A. Hartford Foundation, Inc., and U. S. Public 
Health Service. The authors express their thanks t o  
Louis DiBerardino and Joyce Jividen for technical 
assistance. 

t This was designated, erroneously, as the 9th pas- 
sage in the abstract published in Proc. Am. Assn. for 
Cancer Research, April 1963. 

other with mammary carcinoma. The present 
studies originated from this passage. A cell- 
free filtrate of tissues from 2 mice which de- 
veloped leukemia at 5 and 6 months of age 
respectively yielded a high percentage of leu- 
kemias with a shortened latency. The agent 
is now in its 14th passage. 

Materials and methods. Animals. Preg- 
nant Hauschka ICR (Ha/ICR) Swiss mice 
were obtained from Dr. Theodore Hauschka’s 
breeding colony at  Roswell Park Memorial 
Institute. Rf strain mice were random-bred 
from a nucleus obtained 2 years ago from 
Roscoe B. Jackson Memorial Laboratory. 
Pregnant Sprague-Dawley rats were pur- 
chased from the Charles River Breeding 
Laboratories. All animals received Rockland 
diet and tap water ad libitum. Intercurrent 
infection was treated by addition of Achro- 
mycin (Lederle) to the drinking water (50 
mg/500 ml) for 1-2 weeks. All animals were 
inspected weekly, and sacrificed in extremis 
whenever possible. Sections were taken at  
random from the various groups of animals, 
and whenever necessary to establish the diag- 
nosis of leukemia or other cause of death. 

Cell-free filtrates were made routinely from 
the kidney, liver, spleen and lymphoid tis- 
sues (thymic lymphoma and lymph nodes) of 
leukemic mice. Tissues were homogenized in 
sterile Ringer’s solution containing 1 % peni- 
cillin-streptomycin. The final dilution was a 
10% weight/volume suspension of the tissue. 
The homogenate was clarified for one hour a t  
5000 rpm in a model L Spinco centrifuge 
(#40 rotor) a t  4OC and the supernatant 
fluid was then passed through 0.45 p milli- 
pore filters, using E. c d i  markers. Post-filtra- 
tion sterility was also checked in Sabouraud’s 
and thioglycollate broth. Newborn mice re- 
ceived 0.1 ml of filtrate subcutaneously in 
the shoulder region ; weanling mice received 
0.2 ml subcutaneously in the back. 

Antiserum against the agent was produced 
in rabbits by injection of a standard 10% 
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FIG. 1. (‘umu1;itire iiicitlrwce of lcukemiix in  

H:i/ICR Swiss iiiicc iiijcctcd a t  bir th  with cell-free 
filtrate. 

cell-free filtrate in each of the 4 foot pads 
and subcutaneously on each side of the back. 
A 1 :  1 mixture of filtrate and Freund’s com- 
plete adjuvant was injected initially, followed 
3 weeks later by a booster injection of fil- 
trate alone without adjuvant. One week later 
a second booster injection (subcutaneously 
in the back only) was made, and serum col- 
lected after 7 to 10 days. Each rabbit re- 
ceived a total of 7.5 ml of filtrate. Infectivity 
of the filtrate was assayed in newborn Swiss 
mice. Antiserum to normal mouse tissue (kid- 
ney, liver and spleen) was prepared in a 
similar manner. Pre-immunization serum 
(normal rabbit serum) was obtained from 
each rabbit. All sera were inactivated a t  
56°C for 30 minutes before use. The anti- 
serum was tested for neutralizing activity by 
incubation with an equal volume of leukemic 
filtrate (1  : 1 )  at  room temperature for 20-30 
minutes and inoculation into newborn mice. 
Mice receiving filtrate incubated with anti- 
serum were given twice the volume of inocu- 
lum. 

Ether treatment of filtrate. Nine volumes 
of tissue filtrate were thoroughly mixed with 
one volume of diethyl ether (reagent grade) 
and allowed to stand overnight in the refrig- 
erator. Nitrogen gas was then bubbled 

through the mixture for 10-12 minutes to re- 
move the ether, and the filtrate allowed to 
stand in open Petri dishes (covered with fil- 
ter paper) a t  room temperature until all trace 
(odor) of ether had disappeared (30-90 min- 
utes). 

Results.  Biological properties. The inci- 
dence and latency of leukemia induced in 
Ha/ICR Swiss mice by injection of cell-free 
filtrate a t  birth is shown in Fig. 1. These 
curves represent the combined results from 
the 9th, 10th and 11th passages of this agent. 
The incidence and latency vary somewhat in 
different passages, but the greatest number 
of leukemias occur between 3 and 6 months 
of age. Incidence is higher and latency 
shorter in females. 

Leukemia occurs spontaneously in less than 
19, of mice of this strain. Of 837 control 
mice observed for a period of 12-14 months, 
only 5 (0.6%) developed leukemia, one each 
a t  7, 8 and 10 months, and 2 a t  12 months 
of age. Four of the 5 mice were females. 
About one-half of these controls had received 
tissue culture fluids or other diluents at birth, 
and the rest were uninoculated; they were 
maintained under conditions identical with 
those of experimental animals. These data 
are comparable to those previously reported 
for breeding colonies of this strain a t  Ros- 
well Park Memorial Institute ( 1 ) . 

Grossly, advanced leukemia involved all 
lymphoid organs with infiltration of other or- 
gans (Fig. 2).  Involvement of the thymus 

FIG. 2. At1u:iiicod leukemia i n  a 164-day-old 
Swihs i i io t i s ( ’  w l i i c l i  1i: i ( l  1)ecn injected a t  b i r th  with 
c.cl I-frc~e ti It rit t e, sh owiiig exttiiisive i nvolvcnien t o,f 
1 ,~1111)11  i io tIc~s ,  splcni  ant1 l iwr ,  :uitl :i sniall thymic 
Iyiii~)hoiii:i, iiioi’c proiioiiiiv~d iii the  r igh t  lobe. 
Norninl aiiinial, oil right, is same age a d  sex. 
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varied, ranging all the way from huge lym- 
phomas with or without much involvement of 
other lymphoid organs to atrophic thymuses 
with extensive involvement of other organs. 
This was not a time-related phenomenon, be- 
cause many of the early leukemias showed 
extensive generalization without grossly ob- 
servable involvement of the thymus. System- 
atic microscopic study of all thymuses of in- 
fected mice was not done. 

Microscopically, the characteristic leuke- 
mic cell was the medium to large lymphocyte. 
The normal architecture of the spleen and 
lymph nodes was usually completely obliter- 
ated. Kidney and liver very frequently 
showed massive infiltration, and salivary 
glands, pancreas, ovary and uterus, and sub- 
cutaneous tissues were frequently invaded by 
leukemic cells. The bone marrow was usual- 
ly involved. 

The  animals usually died within one to 2 
weeks after leukemia became grossly appar- 
ent. At this time the peripheral blood ab- 
normalities consisted of elevated total leuco- 
cyte counts, anemia and an increased number 
of immature cells of the lymphoid series. 

Weanling Ha/ICR mice were relatively re- 
sistant to leukemia induction by this agent. 
Of 435 mice injected a t  3 to 4 weeks of age 
with cell-free filtrate, only 36 (8%) devel- 
oped leukemia in 26-47 weeks. Of 438 mice 
injected a t  birth with the same filtrates, 293 
(67%) developed leukemia in 11-43 weeks. 
These data were compiled from several ex- 
periments which ran concurrently. 

Rf strain mice were found to be just as 
susceptible to this agent as Ha/ICR mice. A 
total of 70 newborn Rf  mice were injected 
with 5 different filtrates; 56 mice (go?]) de- 
veloped leukemia in 13-40 weeks. Forty of 
49 Ha/ICR mice (82%) injected a t  birth 
with 3 of the 5 filtrates developed leukemia 
a t  13-33 weeks. No leukemias occurred in 
117 uninoculated control Rf mice during this 
period. The leukemias obtained in Rf mice 
were of the lymphocytic type, similar in all 
respects to the leukemias induced in Ha/ICR 
mice. 

A cell-free filtrate from an Rf leukemia 
(1 10 days after injection) was injected into 
newborn Rf  and Ha/ICR mice, and induced 

leukemias in 82% of Rf  and 7 7 %  of Ha/ 
ICR mice a t  17-27 weeks and 12-36 weeks 
respectively. One Rf leukemia was carried 
by subcutaneous cell graft through 7 trans- 
plant generations in adult Rf mice. The  in- 
cidence of successful cell grafts was 54-100% 
over a period of 16-71 days. The failure to 
obtain 100% successful “takes” was thought 
to be due to some histoincompatibility as the 
result of random breeding over the past 2 
years. Cell-free filtrate from the second trans- 
plant generation yielded leukemias in Rf and 
Ha/ICR mice injected at birth (60% and 
43% respectively in 10-28 weeks). Attempts 
to recover virus from one of the latest trans- 
plant generations are in progress. 

Fifty-nine newborn Sprague-Dawley rats 
were injected with cell-free filtrate; 10 rats 
(1 77%) developed leukemia of the lympho- 
cytic type. The first leukemia occurred a t  
15 weeks; the others occurred a t  20, 22 ,  29, 
32, 39 and 46 weeks of age. No leukemias 
occurred in 16 control Sprague-Dawley rats 
observed over a comparable period of 58 
weeks, nor in approximately 100 rats which 
received other materials and were observed 
for a t  least one year. A cell-free filtrate pre- 
pared from leukemic tissues from the first 
rat to develop leukemia (15 weeks) was in- 
jected into 47 newborn Ha/ICR mice. Leu- 
kemia of the characteristic lymphocytic type 
occurred in 36 mice (77%) a t  16-44 weeks 
of age. 

Physical properties. Nearly maximal infec- 
tivity of the agent was retained after storage 
at refrigerator temperature (4OC) for 48 
hours (Fig. 3 ) .  There was some loss of in- 
fectivity after storage a t  room temperature 
for 24 hours. The latency was extended in 
both cases. Freezing reduced infectivity some- 
what (Fig. 4 ) ,  with the greatest loss occur- 
ring after storage at - 2 O O C  for 1 month. 
Another cell-free filtrate, stored for 6 months 
in the C 0 2  deep freeze, yielded only 29% 
leukemias in Ha/ICR mice in 16-36 weeks, 
as compared to 78% in 11-36 weeks with 
fresh filtrate. The remaining mice are still 
under observation. In an earlier experiment, 
the agent also survived 2 freeze-thaw cycles 
(40% leukemias). 

Infectivity was completely abolished by 
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CFF.  fresh 

24O C / 2 4  h. 

0 ' I  4 O  C i 2 4 h .  

' I  4 C / 4 8 h .  

heating a t  56°C for 30 minutes (Table I). 
However, treatment of the filtrate overnight 
with ether, a t  refrigerator temperature, did 
not inactivate it. 

Tnciihatinn nf filtrate with snwifir antise- 
rum produced in rabbits significantly low- 
ered the incidence of leukemia and extended 
the latency by 5-8 weeks (Table 11). 

Discussion. Although this agent was iso- 

TABLE I. Inactivation of Infectivity of Leuke- 
mia Agent in I-Ia/ICR Swiss Mice Injected a t  

Birth. 

Time 

Material in j  mice" kemia,s kemia (wk) 
No. No. leu- yo leu- interval 

C F F  25 13 52 12-40 
" 5G°C/30min 37 0 
" 65"C/30min 34 0 
" 80-85"C/30 31 0 

min 
C F F  21 19 90 14-29 
" 4"C/over- 40 31 78 14-35 

night 

overnight 
" Ether 4"C/ 33 28 85 1 2-3 7 

C F F  = cell-f ree filtrate. 
* Surviving at 56 days of age. 
Experiments terminated at 43 wk. 

lated in the course of experiments which 
originated with human leukemia, it  is doubt- 
ful that it is directly related to the original 
human material. It is probably a leukemia 
virus of murine origin which was somehow 
activated during our experiments and whose 
virulence was increased by subsequent selec- 
tive passages. 

Grossly and microscopically, the lympho- 
cytic leukemia induced by our agent is strik- 
ingly similar to those induced by the Gross 
and Moloney viruses (2),  and i t  is tempting 
to speculate that one of these agents may 
have been activated in our mice, However, 
there are some differences between the bio- 

I00 

80 
5 
2 
W 

5 60 
W 
1 
I- z 
W 4 0  
0 
cr 
W a 

2 0  

0 

C F F .  fresh 

' I  - 20°C/ I  wk.  

0 
63 

I, 

ZO'C/I mo. 

C 0 2 / I  mo. 

12 20 28  36 44  

WEEKS OF AGE 
F I G .  4. Effect of freezing on stability of leu- 

kemia agent. Cumulative incidence of leukemia i n  
Ha/ICR Swiss mice injected at birth with cell- 
free filtrate ( C F F ) .  Same filtrate as i n  Fig. 3. 

logical and physical properties of our agent 
and the Gross and Moloney viruses (2,3,4). 

The infectivity of our agent is low for 
weanling mice, and in this respect differs 
from the Moloney virus, the infectivity of 
which is high for weanling and adult mice. 
However, this could be related largely to vi- 
rus titer and host response. Our agent is 
leukemogenic for newborn Sprague-Dawley 
rats and for more than one strain of mice 
(other strains are currently under investiga- 
tion), as are the Gross and Moloney agents. 
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TABLE 11. Neutralization of Infectivity of Leu- 
kemia Agent in Ha/ICR Swiss Mice by Rabbit 

Antiserum. 
~ 

Time 

Expgroup mice* kemias kemia (wk) 
No. No. leu- TO leu- interval 

V- 27 
V-VRAS 27 
V-NRAS 30 
V-NRS 30 

-VRAS 38 
-NRAS 30 
-NRS 39 

Uninoculated 40 
controls 

25 93 9-3 7 
4 15 17-25 

23 77 12-32 
24 80 11-3 6 

0 
0 
0 
0 

V z leukemia virus, CFF. -VRAS = leukemia 
virus rabbit antiserum. -NRAS z normal mouse 
tissue rabbit antiserum. -NRS = normal rabbit 
serum. 

The cell-free filtrate used for immunization of 
the rabbits yielded 74v0 leukemias in Swiss mice in  
15-34 wk after injection at birth. 

*Injected at birth and surviving at 56 days of 
age. 

Experiment terminated a t  40 wk. 

Heating at  56°C for 30 minutes inactivates 
our agent, but freezing results in only slight 
loss of infectivity. In this respect, it is simi- 
lar to both the Gross and Moloney viruses, 
as well as to several other murine leukemia 
viruses. However, our agent retains its in- 
fectivity after treatment overnight with ether, 
as does the Moloney virus; the Gross virus, 
on the other hand, is destroyed by ether. 

The variable involvement of the thymus 
in the leukemias induced by our agent may 
be largely a host response. Previous experi- 
ence with spontaneous Ak leukemia and 
Gross virus passage A induced leukemia in 
Ak/Z mice(5) indicated that thymic lym- 
phomas were the predominant feature in 
early leukemias, and that generalized leuke- 
mia without thymic involvement usually oc- 
curred in the late disease. In the experiments 
reported here, many of the leukemias were 
generalized with extensive involvement of the 
lymph nodes, spleen, and other organs and 
with little, if any, gross involvement of the 
thymus; this occurred very frequently in the 
early disease. I t  is quite possible that leu- 
kemic changes occurred in the thymuses of 
injected mice in the preleukemic period, fol- 

lowed by seeding of other lymphoid organs 
(spleen and lymph nodes) with leukemic cells. 
Then, later, the leukemic process in the thy- 
mus may have been retarded or inhibited, 
resulting in small lymphomas or actual atro- 
phy. A pathogenetic study should clarify 
this point. 

Serological comparison of this agent with 
other murine leukemia agents is in progress. 
Growth curve studies, now under way, indi- 
cate that virus can be recovered from tissues 
of mice as early as 2 weeks after injection at  
birth with cell-free filtrate. The interval after 
virus infection when viral concentration is 
greatest remains to be determined. 

Summary. An agent has been isolated from 
Ha/ICR Swiss mice which induces lympho- 
cytic leukemia in approximately 80% of 
Swiss mice injected at birth with cell-free 
filtrates. This agent retains its infectivity 
after storage at  room temperature for 24 
hours, at  4OC for 48 hours, at  -20°C for 1 
month, and in the COa deep freeze for 1 
month. There is some loss of infectivity un- 
der all storage conditions, greatest a t  -20°C 
for 1 month. Storage in the COZ deep freeze 
for 6 months reduces infectivity to about 
one-third. In all instances, latency is ex- 
tended. The agent is inactivated at  56°C for 
30 minutes, but is not destroyed by exposure 
to ether overnight. I t  can be neutralized by 
incubation with specific antiserum produced 
in rabbits. Sprague-Dawley rats and Rf 
strain mice are susceptible to infection when 
injected at  birth; weanling Swiss mice are 
resistant to infection. Similarities and dif- 
ferences between this agent and other murine 
leukemia viruses are discussed. 
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