
FOSTER-NURSING AND LEUKEMIA 615 

that AbPB caused greater increases in in- 
ferior vena caval pressure than femoral ve- 
nous pressure thus impairing circulation 
through the limb. On the other hand, the 
diaphragm which is displaced headwards pre- 
vents a rise in thoracic venous pressure and 
allows blood to circulate essentially unim- 
peded. 

Summary. Anesthetized dogs were sub- 
jected to 3-21 mm Hg CPPB or AbPB. Car- 
otid and femoral arterial blood flow and 
mean carotid pressure decreased inversely 
proportional to increasing CPPB while fe- 
moral pressure remained essentially un- 
altered. Thus vascular resistance was sig- 
nificantly elevated only in the femoral circu- 
lation. In general, since all levels of AbPB 
were without effect except for the slight de- 
pression in femoral flow, the data suggest 
that elevations in abdominal pressure which 
occur during CPPB do not play a significant 
role in the restoration of circulatory para- 
meters. 

The technical assistance of W. Kadetz and E. F. 
Robbins and the advice and criticism of Dr. J. P. 
Marbarger are greatly appreciated. 
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Influence of Foster-Nursing on Virus-Induced and Spontaneous Leukemia 
in Mice. (27871) 

L. W. LAW 
National Cancer Institute, Bethesda, M d .  

Preliminary results have been reported of 
a study of the congenital transmission of the 
leukemogenic virus of Moloney (MLV) in 
certain inbred strains of mice( 1). Transmis- 
sion of virus occurred through the maternal 
line in 3 C3H sublines, 2 low-leukemic (Gs 
and Lw) and one high-leukemic (Fg).  Off- 
spring born to non-infected females mated 

with MLV-infected males, however, did not 
develop a higher frequency or earlier disease 
than controls observed concomitantly. The 
most effective route of transfer in the mater- 
nal line was through the mother’s milk. 
Transmission of MLV during the prenatal 
period was found to be relatively ineffective. 

The present report is an extension of the 
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transmission experiments, particularly of the 
effect of foster-nursing on transmission of 
MLV and the comparative effect of succes- 
sive foster-nursings, combined with succes- 
sive thymectomies, on the frequency of spon- 
taneous leukemia in a high-leukemic strain, 
AKR/Lw. 

Materials and methods. The virus prepa- 
ration used was that designated LT(V)96 
and has been described( 1). Entire litters of 
the 3 strains, discussed here, C3Hf/Gs, C3Hf/ 
Lw and C3Hf/Fg (free from MTA) were in- 
oculated subcutaneously with 0.1 ml of a 
10-1 dilution. A 1.0 g equivalent per ml con- 
centrate of the virus preparation used was 
equal to 1 ml of final suspension of each gram 
of pooled leukemic tissue processed. The 
diluent employed was 0.05 M, pH 6.8 sodium 
citrate buffer containing 1.0 mg of crystalline 
hyaluronidase per 100 ml of medium. Mice 
receiving virus were 1 to 13 days of age. Mice 
remained with their mothers until weaning at  
4 weeks of age. These inoculated mice are 
referred to as the Go generation. Successive 
litters of non-inoculated mice of each of the 
3 C3H strains were obtained by matings of 
sibs. These are referred to as GI, Ga, etc. 
These litters were "infected" and obtained 
virus from their mothers. The frequency of 
leukemia and mean age at  death have been 
obtained through at  least 7 successive genera- 
tions, i.e., through GG for several lines of each 
of the three C3H strains. Most members of 
successive litters (GI through GF) obtained 
from originally virus-inoculated mothers (Go) 
became leukemic. High-leukemic lines were 
established and maintained without apparent 
loss of virulence of MLV(2). Females from 
the several generations were used as foster 
nurses. 

The origins and characteristics of the 3 
sublines of C3H mice used: C3Hf/Lw, 
C3Hf/Gs and C3HfJFg have been described 
(1) .  All mice were from our pedigreed col- 
onies. The frequency of reticular neoplasms, 
principally lymphocytic leukemia, ranges 
from 1076-207A in the Lw and Gs sublines 
depending upon the samples observed through- 
out life; whereas, a high frequency and of 
different morphologic forms of leukemia 
(50% in males and 80% in females) has been 

determined, from F1 through F17, in the 
C3Hf/Fg strain, These neoplasms in the 
Fg subline occur late in life, 14 months av- 
erage age at leukemic death, and 'are rarely 
observed before 7 months in females and 9 
months in males. All attempts to isolate and 
concentrate a cell-free material from leukemic 
tissues of the Fg strain have been unsuccess- 
ful(3). 

Diagnoses, where possible, were made from 
histologic preparations. The majority of leu- 
kemias observed here were lymphocytic, 
chiefly of thymic origin, but other forms make 
their appearance. These are mentioned in the 
specific experiments, 

Foster-nursings were done in a manner to 
insure that offspring did not obtain their own 
mother's milk. Litters were allowed to drop 
through a raised platform constructed of 5" 
X 5" mesh hardware cloth inserted in the 
bottom of a plastic cage. Many of the de- 
liveries were observed and in no case was 
there a question of offspring suckling their 
own mothers. The efficacy of the method has 
been demonstrated in reciprocal foster-nurs- 
ing studies demonstrating transfer of anti- 
bodies to polyoma virus (4).  

Infected mothers used in the reciprocal fos- 
ter-nursing experiments were obtained from 
the following sublines: C3Hf/Lw. A litter 
of 3 females (Go) received MLV at 7 days 
of age. These were mated with a stock male 
at  sexual maturity. All 3 became leukemic 
at  an average age of 4 months. Six succes- 
sive generations ( G1-GG) of untreated descen- 
dants have now been obtained with a high 
frequency of lymphocytic neoplasms (2 ) .  
C3Hf/Gs .  A litter of 2 females and 3 males 
was inoculated subcutaneously with MLV at  
13 days of age and all became leukemic at  an 
average age of 5 %  months, the females at 
3>4 months. Six succeeding generations of 
untreated offspring ( G1-Gs) have exhibited a 
high incidence of leukemia, principally 
lymphocytic. C3Hf/Fg. A litter of 4 
C3Hf/Fg mice (24 and 28)  received MLV 
parenterally at  7 days of age and 3 died of 
lymphocytic neoplasms b>fore 6 months of 
age. Seven succeeding generations obtained 
from the original mating of one of the fe- 
males with a potentially leukemic brother 
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TABLE .I. Leukemia in Reciprocally Fost,er-Nursed Mice of C3H Sublines‘. 

Off spring from normal females 
(-------f oster-nursed to infected nurses---------\ 

Avg age a t  

Off spring from infected females 
--foster-nursed to normal nurses- 

No. of leukemic No. of Ages a t  
Litter Fatet  offspring No. death, mo Litter off spring No. leukemic 

Strain No.* of mrse  fostered leukemic (range) No. fostered leukemic death, mo 

C3Hf/Lw 1 N-12 4 
2 L- 3% 6 
3 L- 4 5 
4 L- 6 3 
5 L- 4 4 
6 L- 7 3 

C3HfjGs 7 L- 4%$ 8 

8 
9 

10 
11 
12 
13 
14 
15 

C3Hf/Fg 16 
17 
1.8 

L - 5 % $  6 
L- 7%$ 4 
L- 7 4 
L - 5 % $  5 
L- 4% 6 
L- 7!/2 4 
L- 3% 6 
L- 6 2 
N-13 5 
L- 4?& 8 
L- 5y2 8 

3 7% (5%-10) 1A 5 
6 6 (3%-8) 2R(I 2 

3 5 (41/-5%) 5A 3 
3 5% (4%-6) 
5 7% (5%-9) 7A 2 

6 6 (5-7%) 8A 4 
4 5 (31/2-71/) 9A 4 
2 3% (3-4%) 1 OA 5 
4Q 8 (5-10) 11A 5Q 
3Q 7 (5%-9) 12B 4 
4Q 7% (7-8) 13A 3Q 

54 6% (5-7) 16A 4Q 
76 6 (4%-7) 
49 5 ( 3 % 4  

5 6 (4-9) 
3 6 ( 5 - 6 s )  

7B 2 

l4A 4 
4 

6 4% (3%-6) 15B 
2 8 (5-11) 

1 8 
0 - 

0 

0 
0 
0 
2 595 
0 
3 5,111/,13 
1 9% 
0 
0 
0 
0 

- 

- 
- 
- 
- 

Survivors among both groups are presently 15 to 18 mo of age. Those litters born on the same morn- 
ing or same evening were interchanged. These reciprocally foster-nursed litters are designated in  the 
table as 1 and lA, 5 and 5A, etc. 

*Litters #1, 2, 3, 1 0  and 18 were foster-nursed upon mothers which received MLV parenterally at 
birth (GO) and litters #lA and 10A were born to such mothers. All other litters were born to or foster- 
nursed upon “infected” mothers of the G1 or 6 2  generations, that  is 1 or 2 generations removed from 
the original virus-inoculated litter. 

t I; = Foster nurse leukemic; N = Non-leukemic. Number = age a t  death in  months. 
$ “Infected” nurses which fostered litters #7, 8, 9 and 11 (from normal females) and bore litters 

#7A, 8A, 9A and 11A were leukemic or preleukemic; all others were non-leukemic and signs of leukemia 
did not develop until 1% to 5 mo later. 

Q C3Hf/Lw litters used to suckle C3Hf/Gs and C3Hf/Fg “infected” nurses and C3Hf/Lw mothers 
used to foster C3Hf/Gs and C3Hf/Fg litters born to  “infected” mothers. 

II Litter 2B born to “infected” mother which became leukemic a t  4 mo; litter 7B born t o  mother 
which became leukemic at 8 mo; litter 12B born to “infected” mother which died non-leukemic a t  12 
mo; litter 15B born to ‘Linfected” female which became leukemic a t  4 mo. 

show a high frequency of lymphocytic leuke- Results. Series I foster-nursings. The re- 
mia of thymic origin, leukemic deaths occur- sults of the reciprocal foster-nursings, normal 
ring before 7 months, the,time at  which spon- litters fostered upon “infected” mothers and 
taneous neoplasms of reticular origin make litters obtained from “infected” females fos- 
their appearance in this subline. tered upon normal mothers, show clearly that 

Normal, non-infected mothers and their lit- the most effective route of transmission was 
ters obtained from our pedigreed colonies of through the mother’s milk. Eighty-two per 
the 3 C3H strains and of C57Bl/Ka were cent of mice (75 of 91) which presumably re- 
used in the reciprocal foster nursings. ceived virus only through milk developed leu- 

Litters born of virus-inoculated (Go) or of kemia. Infected females of all 3 sublines 
virus-infected ( G1-G6) mothers (those in- were capable of transmitting virus (Table I). 
fected through the maternal line) were foster- In this series the infected mothers (Go) and 
nursed on “normal” non-inoculated mothers the litters from them used for foster-nursings 
and in many cases where possible, the recipro- upon normal females were themselves inocu- 
cal foster-nursings were done. Entire litters lated with MLV or were one or 2 genera- 
were foster-nursed except in Series I1 where tions removed from the original virus inocu- 
litter size was purposely reduced. lated litter (GI and Gz). 
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Two of the mothers of the C3Hf/Gs sub- 
line, those nursing litters Nos. 9 and 11, had 
signs of leukemia while nursing and 2 others, 
those nursing litters Nos. 7 and 8, became 
leukemic within 2 weeks following nursing. 
All other infected mothers used as foster- 
nurses, however, were healthy at  the time of 
nursing and did not present signs of leukemia 
until 1% to 5 months later. 

Among the leukemias appearing in this 
group, litters from normal mothers foster- 
nursed upon “infected” females, all were 
generalized lymphocytic neoplasms except 3 ? 

which were granulocytic; one of these ap- 
peared at  9 months in litter No. 7, and 2 at  
7 and 7% months respectively in litter No. 8, 
all from the C3Hf/Gs subline. 

Of the 51 mice from 14 litters born to in- 
fected mothers (Go to G 2 )  but foster-nursed 
upon normal mothers, obtained from the pedi- 
greed colony, only 7 have developed leuke- 
mia within a 15- to 18-month period of ob- 
servation. Interestingly, 5 leukemic mice 
were among those born to infected mothers 
which showed signs of leukemia 2 weeks after 
nursing (see litters 9A and 11A). Two of 
these, however, a t  11% and 13 months, were 
generalized granulocytic leukemias and may 
indeed represent the spontaneous disease. 
Such neoplasms have been observed among 
C3Hf/Gs mice in our pedigreed colony and 
in mice beyond 12 months of age. Another 
leukemic mouse of the C3HJLw strain pre- 
sented a reticulum cell sarcoma, type A at  
8 months of age (see litter 1A). 

It should be pointed out that although 
the majority of reticular neoplasms appear- 
ing among C3H mice receiving MLV are 
lymphocytic leukemias, primarily thymic in 
origin, or thymic lymphosarcomas, they are 
not exclusively of the lymphocytic form. 
For example, among 92 C3Hf/Gs leukemics 
from our high-leukemic lines histologic and 
hematologic study showed that 9 or approxi- 
mately 10% were reticulum cell sarcomas, 1 
of type A and 4 of type B (see 5), and 4 
were granulocytic neoplasms. These other 
morphologic forms do not necessarily appear 
in older mice. 

Establishment of high- and low-leukemic 
lines through foster-nursings. Several high- 

cg G I  G? G] G, GS 

- LL 3/3(3H M.)-v3(4!4 M.) M ( S  no.) - 4 / 4 0  mo.1 7 On 7:; F 0 / 6  - 0/6 

0/6 - 016 

FIG. 1. F N  = foster nursing. Go litters received 
MLV parenterally ; GI through G, litters received 
virus from “infected” mothers or were foster- 
nursed. Numerator = No, leukemic and denomina- 
tor z No. in litter. Numbers in parentheses = 
mean age in mo at death from leukemia. C3Hf/Lw 
strain mice used in high-leukemic line (HL) ; 

C3Hf/Gs mice, in low-leukemic line (LL). 

(HL) and low-leukemic (LL) lines have 
been derived simply by foster-nursings. Two 
of these are shown in Fig. 1. 

A litter of 6 C3Hf/Lw mice born to a 
non-infected mother from‘ the pedigreed col- 
ony was foster-nursed immediately after birth 
to a C3HfJLw mother inoculated a t  7 days 
of age with MLV. The infected mother was 
2% months old at  time of fostering. She 
eventually became leukemic, along with her 
2 litter mates, at 4 months of age. All 6 
fostered mice (GI) developed lymphocytic 
neoplasms at 3% to 8 months. Three of the 
5 females bore litters (G2) from which sub- 
sequent generations were produced. A high 
frequency and low mean age at death from 
the disease have been observed through 5 
successive generations. 

A low-leukemic subline (LL) was estab- 
lished as follows: A litter of 3 C3Hf/Gs 
strain mice (19 and 28)  received MLV sub- 
cutaneously at  8 days of age. All developed 
lymphocytic leukemia at  an average age of 
3% months. Female #40 produced a litter 
of 3 females and these mated to a stock male 
produced leukemic offspring. One female 
#162, prior to developing leukemia at 7 
months of age bore 2 litters. The first litter 
(G2) suckled infected 9162 and all 5 devel- 
oped lymphocytic neoplasms at  3 to 7 months 
of age. All members of a subsequent litter 
of 4 (G3) born to one of these females also 
became leukemic at  7 months of age. A sec- 
ond litter of 5 mice, born to 9162, did not 
receive any milk from their infected mother 
and were foster-nursed immediately upon a 
normal non-infected C3Hf/Lw strain mother. 
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This litter and 5 subsequent litters of C3HfJ 
Gs mice representing G2 through G5 have re- 
mained leukemia-free. The observation pe- 
riod is now 14 months for the oldest and 8 
months for the youngest litters. 

Series 11 foster-nursings. A second group 
of foster-nursings was done using C57Bl/Ka 
strain mothers as nurses. Litters to be fos- 
ter-nursed were obtained from “infected” fe- 
males of the 3 C3H strains representing later 
generations of established high-leukemic lines 
( G3 to G 5 ) .  Pertinent information concern- 
ing each of the mothers providing litters is 
given under remarks in Table 11. Litter size 
was purposely reduced and litters fostered 
upon C57Bl/Ka mothers did not obtain milk 
from their own “infected” mothers. The re- 
ciprocal foster-nursings were not done rou- 
ti nel y . 

No leukemic offspring have been obtained 
in a 10- to 12-month period of observation 
among 14 litters, totalling 48 offspring, born 
to these potentially high-leukemic females 
but nursed upon C57Bl/Ka mothers. Fifty- 
three offspring born to some of these foster- 
nursed C3H litters also have remained free 
of leukemia. 

Tt is of interest that 2 of the C3H moth- 
ers providing litters for foster-nursings were 
either leukemic or preleukemic at time of de- 
livery of their litters (females 1066 and 986 
in Table TI). Both presented signs of leuke- 
mia within 2 weeks of delivery of their lit- 
ters. 

Two litters (not shown in Table TI) born 
to C3Hf/Gs infected mothers were allowed 
to remain from 24 to 48 hours with their 
mothers before transfer to C57Bl/Ka foster 
nurses. One of 4 and 2 of 8 members of 
these litters developed leukemia before 8 
months of age. I t  is clear therefore that in- 
gestion of a small amount of milk, obtained 
from the mother within a 24-48 hour period 
following birth, is sufficient to transfer ef- 
fective MLV. 

Foster-nursing combined with thymectomy 
in A K R  mice. The transmission of leukemia 
from generation to generation in certain 
high-leukemic strains of mice, viz., AKR, 
C58 ,  F, and C3Hf/Fg, follows the pattern 
expected from chromosomal transmission (2, 

6,7,8). Extra-chromosomal transmission, 
similar to the Bittner milk agent (MTA) has 
not been observed in these high-leukemic 
strains. Numerous attempts to influence the 
frequency and expression of the disease 
through foster-nursings upon low-leukemic 
strains, or reciprocally, of establishing leu- 
kemia in low-leukemic strains through fos- 
ter-nursing upon mothers of high-leukemic 
strains have not been successful. If a close 
integration exists between a hypothetical vi- 
rus and the genetic material of host cells in 
these long-established high-leukemic strains, 
it was felt that successive foster-nursings, 
combined with total thymectomy, could con- 
ceivably affect this pattern. 

A litter of 7 AKR/Lw strain mice was 
born to 945474 (F51). These mice did not 
receive their mother’s milk and were foster- 
nursed immediately upon a low-leukemic 
C3Hf/Lw mother. Thymectomy of the lit- 
ter was performed at  1 month of age. This 
litter is referred to as GI (F52) in Table 111. 

The mother of this litter 945474 and 3 
litter mates developed leukemia at  10, 8%, 
9 and 8 months, respectively, One of her 
sisters provided a litter from which succes- 
sive generations of AKR mice were obtained, 
F52 through F58, and which constitute con- 
trols. 

Successive litters were then obtained in 
the experimental group, Gr through GH, 
which were similarly foster-nursed and thy- 
mec tomized. 

Sixty AKR mice representing GI through 
Gs, successive generations of foster-nursing 
and thymectomy failed to develop leukemia 
within a 12-month period of observation 
(Table 111). Non-fostered and non-thymec- 
tomized AKR mice (F56) born to females of 
the G4 generation (4 successive foster-nurs- 
ings and thymectomies) and those born to 
females of the G5 and G6 generations (F57 
and F58), however exhibited a frequency of 
the disease and age a t  leukemic death similar 
to that observed in the control series of mice. 
It is clear therefore that foster-nursing and 
thymectomy through successive generations 
did not influence the pattern of transmissi- 
bility of the leukemic potentialities in AKR 
mice. 
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TABLE 11. Influence of Foster-Nursing, with C57Bl/Ha Mothers, on the Frequency of Leukemia in  
Off spring from Infected Mothers of High-Leukemic C3H Sublines. 

Leukemia” 
Donor in  mother No. in  No. raised in 

mother C3H Gener- (age a t  death) litter No. subsequent 
No. subline ation (mo! fostered leukemic generations Remarks 

978 Lw 

1065 9 9  

1066 
884 

930 

994 

932 

1101 
1102 

1139 

9 9  

9 9  

9 9  

9 

19 

? J  

I 9  

9 9  

547 Gs 

986 I 9  

1097 
1107 Fg 

9 9  

4th t 

9 9  

9 9  

3rd 

9 9  

9 9  

9 9  

4th 
9 9  

5th 

3rd 

5 th 

9 9  

9 9  

+, 8 

+, 7% 

+, 4Q 
-, 11’h 

-, 1 2  

+, 7% 

-, 12 

+, 4% +, 9 

+, 5% 

+, 5% 

+, 4Q 

, 9  +, 4?4 

- 

2 

3 

2 
3 

3 

3 

4 

5 
6 

3 

3 

4 

5 
2 

0 5,6, and 2 
in G5 ; 
5 and 8 
in  G6 
- 0 

0 8 in G4 

0 5 in G4 
4 in G5 

0 3 in G4 

- 0 

- 0 
0 

- 0 

- 0 

- 0 

0 7 in  G6 
0 - 

2nd litter of 4 born to 978 
were all leukemic at 6% 
mo. All litter mates of 978 
were leukemic. 

2 of 3 offspring of a prior 
litter of 1065 leukemic at 
5% mo. All litter mates of 
1065 and 1066 leukemic at 
6 mo. 

5 of 9 litter mates of 884 leu- 
kemic at 6 mo. 

4 of 6 litter mates of 930 leu- 
kemic at 634 mo. 

I n  prior,litter of 994, 6 of 8 
leukemic at 5% mo. 

4 of 5 litter mates of 932 leu- 
kemic at 6 mo. 

4 of 7 litter mates including 
1101 and 1102 leukemic a t  
6 mo. 

8 offspring of a prior litter 
leukemic at 5 mo ; all litter 
mates of 1139 leukemic. 

I n  prior litter of 547, 3 of 4 
leukemic at 4% mo. All lit- 
ter mates of 547 also leu- 
kemic. 

All litter mates of 986 leuke- 
mic a t  5% mo; 5 of 5 in  
2nd litter of 986 leukemic 
a t  6 mo. 

4 of 5 litter mates of 1107 
leukemic at 5 mo. 

* All leukemias were of the lymphocytic form; + = leukemic, - : nonleukemic. 
t These donor mothers were from later generations of the “high-leukemic” lines. 64 ,  for example, 

is 4 generations removed from original (GO) MLV-inoculated litter. The litter provided by this mother 
is therefore 65. 

$ Litter of 8 C57Bl/Ka strain foster-nursed to 978; 4 were leukemic at 7, 8, 9, and 10 mo respec- 
tively. 

Q Preleukemic or leukemic a t  birth of l i t terj  these mothers developed signs of lymphocytic neoplasms 
1 and 2 wk later. 

Discussion. The results reported earlier 
(1) and extended here show clearly that ma- 
ternal transmission of a leukemogenic virus 
(MLV) through successive generations oc- 
curs principally through mother’s milk. 
“Low-leukemic” strains may be transformed 
to “high-leukemic” strains and vice versa 
simply by foster-nursings. This was shown 
in the present study using different C3H 
strains of mice and presumably is true for 
other strains susceptible to MLV. 

Virus-infected C3 H females, either those 
inoculated during the neonatal period (Go) 
or receiving MLV from their mothers (GI 
through G5)  transmitted virus to their fos- 
tered litters prior to development of leuke- 
mia (from 1% to 5 months prior to develop- 
ing signs of disease). Two mothers which 
died non-leukemic at  1 2  and 13 months 
transmitted MLV to their fostered litters. I t  
has also been observed that females from 
“high-leukemic” lines of each of the C3H 
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TABLE 111. Influence of Combined Foster-Nursing and Thymectomy, through Successive Gen- 
erations, on Spontaneous Leukemia in AKR Mice. 

Age at 
Inbred No. Age at leukemic 

Group generation Exp procedure No. mice leukcmic death (mo) death (mo) 

- G1 (F52) F N ”  & thymectomy 7 0 12 t - Idem 5 0 12 
4 0 12 

13 0 12 
17  0 12 

$9  

1 7  

1 9  

- 6 2  (F53) 
6 3  (F54) 
64 (F55) 
6 5  (F56) 
6 5  (F56) None S Q Q  8 

G6 (F57) F N  & thymectomy 14 
G6 (F57) None 20 Q Q 19 - 

- 
- 

- 10.4 
- 9.6 
1 2  

7.8 
- 9.1 

- 4 8 8  ; 
9 2  F58 18 9 9 16 - 9.1 

9 8 8  5 

6 8 8  3 - 10.0 
Totals 8.7 

9.5 

Controls F52 through None 59 Q Q 55 (93.2%) 9.1 
F58 26 8 8 22 (84.5%) 9.4 

* Foster-nursing. 
t All f oster-nursed and thymectomized survivors were sacrificed, non-leukemic, at 12 mo. 

strains are capable of transmitting virus reg- 
ularly to their offspring whether or not they 
eventually become leukemic (2 ) . For ex- 
ample, 7 females which eventually died non- 
leukemic beyond 12 months of age delivered 
and suckled 11 litters. The majority of the 
members of 10 of these litters (39 of 50) de- 
veloped leukemia from 4 to 8 months of age. 

The low frequency and sporadic occur- 
rence of leukemia observed in mice born to 
MLV-infected mothers but foster-nursed by 
normal C3H females indicates a very inef- 
ficient transmission of virus during the pre- 
natal period in all of the C3H strains stud- 
ied. Complete prevention of leukemia in all 
3 C3H strains, provided C57B1 foster-nurses 
were used, may indeed indicate the presence 
in C57B1 milk of an “inhibitor.” Experi- 
ments are in progress to determine this. Pre- 
liminary studies of Ida and Moloney(9) and 
of Gross( 18) relating to prenatal transfer of 
MLV and Passage A virus respectively have 
been reported indicating efficient prenatal 
transfer but these studies did not in fact deal 
with the “natural transmission” of virus. In 
both, high concentrations of virus were in- 
oculated into the mothers which nursed 
young; in the latter study it was likely as 
pointed out that some of the foster-nursed 
mice received milk from their inoculated 

mothers since some litters were not removed 
immediately after birth. 

I t  was not unexpected to find that foster- 
nursings and thymectomies in successive gen- 
erations of high-leukemic AKR strain mice 
were ineffective in altering the potentiality 
to develop lymphocytic neoplasms. Evidence 
against an extra-chromosomal transfer of 
leukemic potentialities has been obtained 
from reciprocal foster-nursings using several 
high-leukemic strains (6,7,8,11), transfer of 
fertilized ova reciprocally between the high- 
(AKR) and low-leukemic (C3H strains) (12, 
13) and the similarity in frequency and age 
a t  death from leukemia in F1 hybrid off- 
spring obtained from reciprocal matings of 
high- and low-leukemic strains( 6,7,8,11). 
The transmission of leukemia from genera- 
tion to generation in the high-leukemic 
strains AKR, C58, F and C3Hf/Fg follows 
the pattern expected from chromosomal 
transmission. In contrast, the pattern of 
vertical transmission of MLV and apparently 
also of Passage A agent (10,14) follows that 
expected for an extra-chromosomal mechan- 
ism. 

A recent report of Gross(l0) suggests that 
transmission to C3Hf/Bi offspring of Passage 
A virus requires the mother to be leukemic 
or in the preleukemic stages of disease (leu- 
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kemia appearing 1 to several weeks later) in 
contrast to what is observed and reported 
here concerning transmission of MLV. If 
this is true, it may account for the failures 
in several laboratories (3,15,16,17) to achieve 
vertical transmission of Passage A virus. In  
our laboratory, for example, over 2 0 0  un- 
treated C3Hf/Bi mice of the lst, 2nd and 
3rd generations from C3H parents inoculated 
with a potent leukemogenic Passage A ma- 
terial have been observed throughout a 15- 
month period. Only 10% have developed 
reticular neoplasms and the frequency and 
age at  death are similar to controls. All Pas- 
sage A-inoculated parents, on the other hand, 
(36 out of 36) developed lymphocytic neo- 
plasms at 3 to 4 months of age. 

The striking difference between the pat- 
tern of vertical transmission of the leukemo- 
genic viruses, MLV and Passage A virus, on 
the one hand (extra-chromosomal) and the 
chromosomal pattern of transmission in high- 
leukemic strains of mice, needs to be ex- 
plained in terms of mechanisms. I t  has been 
claimed but not substantiated that in high- 
leukemic strains of mice, and specifically AK 
and C58(18) “ . . . the leukemic virus was 
therefore found to be transmissible from one 
generation to another through embryos, like 
the virus of chicken lymphomatosis”( 10). 
This situation has not been duplicated using 
several strains of mice, and Passage A virus 
(isolated from AK leukemia) or MLV. If 
the genotype of a high-leukemic strain, for 
example AKR, is necessary for a mechanism 
of transmission from parent to offspring such 
as determining the state of the virus-host cell 
relationship or of allowing close “integration” 
of virus and genetic material, it should be 
possible to duplicate such a system through 
introduction of leukemogenic virus into high- 
leukemic strains. This appears not to have 
been accomplished with Passage A virus in 
AKR mice( 17) nor with MLV in high-leu- 
kemic C3HfJFg mice, as revealed in the pres- 
ent study. An extra-chromosomal pattern of 
transmission was characteristic of the C3Hf/ 
Fg strain as well as the 2 low-leukemic C3H 
strains. 

It was felt that perhaps a period of “adap- 

tation” of MLV virus to C3H mice was re- 
quired in order to develop “high-leukemic” 
strains similar to AKR, in exhibiting a chro- 
mosomal-type of transmission of virus. I t  
is clear, however, using litters from “infected” 
C3H mothers of the 6th generation ( G s )  fos- 
tered upon C57B1 nurses that transmission 
after this period of time is still of an extra- 
chromosomal type (Table 111). 

The present results certainly tend to rule 
out a regular persistence and replication of 
virus in the cytoplasm of the ovum similar to 
the situation encountered with RIF (chicken 
lymphomatosis virus) (19) and the type of 
intimate association between viral genome 
and chromosomes in lysogenic bacteria which 
has been suggested as a mechanism for leu- 
kemogenesis -in the mouse(20,21). In this 
connection, results of studies designed to test 
MLV transmission by the male are of inter- 
est (1,2). Fifty-six GI and Gz offspring, ob- 
tained by crossing each of 3 infected C3Hf/ 
Lw males (which eventually died leukemic at  
5 and 6 months of age) with normal, non-in- 
fected C3Hf/Lw females showed a frequency 
of leukemia of 7% with a mean age at  death 
from the disease at 15.5 months. Control 
C3Hf/Lw offspring (matings of normal x 
normal) had a similar frequency and mean 
age at  death (3 leukemias out of 41, and 
these succumbed from leukemia at 15 
months). Thus, there appears to be no ef- 
fective transmission of MLV through the 
male line. 

Summary. Females of 3 different C3H 
strains, low-leukemic C3Hf/Lw and C3Hf/ 
Gs and high-leukemic C3Hf/Fg, were found 
capable of transmitting MLV to successive 
generations of offspring. The most effective 
mechanism of transmission was through moth- 
er’s milk. “Infected” females transmitted 
MLV whether or not they eventually became 
leukemic. Reciprocal foster-nursing experi- 
ments revealed that transmission of virus 
could occur from mother to offspring during 
the prenatal period. A low frequency, later 
age at death from the disease and sporadic 
occurrence were observed in litters born to 
“infected” females but foster-nursed upon 
normal, non-inoculated mothers of the C3H 
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strains. In  contrast, however, no leukemias 
have appeared to date in those offspring born 
to “infected” mothers but foster-nursed upon 
C57Bl/Ka mothers. Stable high-leukemic 
and low-leukemic‘ lines of different C3H 
strains have been established simply through 
foster-nursings. Foster-nursing upon low- 
leukemic mothers combined with thymec- 
tomy through successive generations of high- 
leukemic AKR strain mice did not influence 
the frequency of or mean age at  death from 
lymphocytic neoplasms. The pattern of trans- 
mission of leukemic potentialities in AKR, as 
well as in other established high-leukemic 
strains, vk., C58, F, and C3Hf/Fg, is of a 
chromosomal type in contrast to the extra- 
chromosomal pattern of transmission of MLV 
and presumably of Gross Passage A virus. 
Further data are given concerning the in- 
ability of “infected” males to transmit MLV. 

The author wishes to thank Mr. Britton Smith for 
excellent technical assistance and Dr. John B. Mo- 
loney for the virus preparation used in this study. 
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Cytotoxicity of Steroids to Mammalian Cells in Tissue Culture. (27872) 

D. PERLMAN, NANCY A. GIUFFRE, SHARON A. BRINDLE, AND S. C. PAN 
Squibb Institute for Medical Research, New Brunswick, N .  J .  

In an earlier report (1) we mentioned that 
growth of Earle’s L cells was markedly in- 
hibited when small amounts of progesterone, 
testosterone, or androstenedione were added 
to the medium. Further investigation showed 
that certain steroids were more toxic than 
others to this cell line. Our observations on 
the relationship of steroid structure to cyto- 
toxicity to Earle’s L cells (NCTC 929), 
Gey’s adrenal cells (3G29), and Ehrlich as- 
cites cells (Squibb #2) growing in suspension 
culture are summarized here. 

Materials and methods. The 3 cell lines 

used were maintained in suspension culture 
using previously described technics (2,3,4). 
Waymouth’s medium MB 752/1(5) supple- 
mented with calf serum (lo%, w/v) and 
4000 cps MethocelQ (0.0376, w/v) (Dow 
Chemical Co.) was used as basal medium. 
The media used for the adrenal cells and the 
Ehrlich ascites cells also contained Darvanm 
#2 (O.OS%, w/v) (R. T. Vanderbilt Co. ) .  
Inoculum for the cytotoxicity tests was 
grown in shaken rubber-stoppered Erlen- 
meyer flasks placed on a shaker rotating at  
150 rpm (1 inch throw) located in a 37OC 


