
Characterization of an Influence Affecting Growth of 
Transplantable Leukemias in Mice* 

L. W. Law, Ph.D. 

(From the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Me.) 

(Received for publication August 18, 1943) 

It has been shown in previous communications (1, 
2) that an influence transmitted in the milk of cer- 
tain lactating female mice was effective in influencing 
the growth of lymphoid leukemias (lines LL449 and 
and P1543) in mice normally refractory to their 
growth. This  "susceptibility influence" was found 
to be present dur ing the first l0 days of the lactation 
period. The influence was found to be transmitted 
to second generation mice obtained by mat ing litter 

TABLE I: TYPES OF MALIGNANT TUMORS TESTED 

Tumor 
number Tumor type 

P1534 (S) * Lymphosarcoma 
LL493 (I) * Myeloid leukemia 
LL449 (I) Lymphoid " 
C1498 (S) Myeloid " 
$91 (S) Melanoma 
LL552 (I) Fibrosarcoma 
C252 (S) " 
P1591 (S) Myeloid leukemia 
P1592 (S) Lymphoid " 
LL336 (I) Monocytic " 
LL593 (I) Lymphoid " 
dbrB (S) Mammary adenocarcinoma 
P1682 (S) Lymphoid leukemia 
P1679 (S) . . . .  

* ( S ) - "  spontaneous tumor; (I)--- tumor induced by carcinogen. 
t "-- See text. 

mates of refractory foster-nursed mice. Total depriva- 
tion of "susceptible" milk  in mice of the susceptible 
strain did not affect the response of these mice to 
inoculations of leukemic cells. A change in the growth 
capacity of the mal ignant  cells of lymphoid leukemias, 
lines LL449 and P1534, whereby leukemic cells could 
be grown by serial transfer in totally refractory hosts 
was observed. This change occurred following initial 
growth of the mal ignant  cells in refractory mice that 
were foster-nursed by mothers of the susceptible 
strain. Such serial transfers have subsequently been 
carried through 10 generations. These data suggested 
that the type of reaction provoked in refractory foster- 
nursed mice depended upon the quanti ty of "suscepti- 
bility influence" obtained. 

In an at tempt to learn if other leukemias as well 

* Aided by a grant from the Commonwealth Fund. 
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as other types of tumors were affected by the same or 
similar influences a total of 14 transplantable malig- 
nant  tumors were tested (Table I) .  Previous tests 
have been made on a few transplantable leukemias 
(1, 2). Mal ignant  tumors arising in one inbred strain 
were inoculated into other inbred strains. The  inbred 
strains of mice used throughout  were A, C, L, C3H,  
C57 black, C57 brown, and dba. Several sublines 
of some of the inbred strains were used, particularly 

FOR PRESENCE OF " S u s c E P T I B I L I T Y  I N F L U E N C E "  

Generation Effect of 
of Strain of foster 

transplant origin nursing 

10 dba + 
5 ~ 

6 " + 
13 c57 black + 
40+ dba - -  

5 ~ 

40+ C57 leaden --  
10 dba 
l 0  " 

5 r162 

10 " + (possible) J" 
500+ " 

12 " 
9 " -Jr- (possible) J" 

within the dba and C57 black strains. At least 50 
refractory control mice and 50 refractory foster-nursed 
mice were inoculated with each tumor type. Refractory 
mice were foster-nursed by lactating mothers of the 
strain of origin of the mal ignant  process, as described 
in a previous communicat ion (1).  The  greatest per- 
centage of takes occurred in foster-nursed mice of 
sublines of the strain of origin of the neoplasm but 
was not limited to these. 1 

Malignant  tumors induced by carcinogens as well 
as those arising spontaneously were used. Transplant-  
able tumors carried by serial transfer for many  gen- 
erations and tumors of recent origin also were tested. 

Myeloid leukemia, line C1498, was found to grow 

1 Pronounced physiological differences are found to exist be- 
tween sublines within inbred strains of mice particularly within 
the dba and C57 black strains. 
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in refractory hosts following foster nursing of refrac- 
tory mice by lactating females of the susceptible strain. 

The growth capacities of two other leukemias, 
lines LL593 and P1679, both lymphoid in origin, 
were possibly affected in a similar manner by an 
influence transmitted through the milk of susceptible 
mice. The numbers of experimental mice used here 
were smaller than in other series. Leukemia, line 
P1679, produced 100 per cent takes in subline 2 of 
the dba strain (subline of origin) and failed to grow 
in 50 subtine 1 mice. On the other hand 35 per 
cent takes resulted following inoculations in dba, 
subline 1 mice foster nursed by dba subline 2 mothers 
(35 mice). Leukemia, line LL593, grew only in dba, 
subline 1 mice and failed completely to grow in mice 
of subline 2. Foster nursing of subline 2 mice by 
subline 1 mothers produced 25 per cent susceptibility 
(25 mice). Mice of other inbred strains, A, C, L, 
C3H, C57 black and C57 brown foster nursed by 
susceptibile mothers remained refractory to inocula- 
tions of both lines of leukemia, LL593 and P1679. 

No such influences transmitted in the milk were 
found to affect the growth capacities of 2 fibrosarcomas 
(line LL552 and line C252), a melanoma (line $91), 
a mammary adenocarcinoma (line dbrB), a monocytic 
leukemia (line LL336), 2 lymphoid leukemias (line 
P1682 and line P1592) and 2 myeloid leukemias (line 
P1591 and line LL493). 

Leukemia C1498 arose in a female mouse, 10 months 
of age, of the B subline, C57 black inbred strain. 
The liver was greatly enlarged, gray, friable, but not 
nodular. The spleen was enlarged, pale, and nodular. 
All lymph nodes were found negative upon gross 
examination. Ascites was present. No blood count 
was obtained on this animal. The first 7 generations 
of serial transplant in B subline mice were carried 
by Dr. A. M. Cloudman, of this laboratory. This 
leukemia has now been carried through 25 trans- 
plant generations and shows the same typical growth 
characteristics. 

Following the subcutaneous inoculation of leukemic 
cells from the liver or spleen a definite growth appears 
at the site of inoculation in 1 or 2 weeks. The liver 
and spleen show pronounced infiltration of cells 
myeloid in origin. In the gross these organs are 
extremely swollen, friable, marked with huge grayish 
nodules, and contain numerous hemorrhagic areas. 
There occurs at first an infiltration in the mesenteric 
lymph nodes, followed usually by infiltration in the 
lumbar and renal nodes and frequently by infiltration 
in the subcutaneous nodes. Considerable invasion 
has been seen in the lungs, kidneys, adrenals, and 
ovaries. Peripheral white blood cell counts were from 
20,000 to 150,000 with approximately 25 per cent 

of the cells myeloid in origin, either myeloblasts or 
myelocytes, which give a positive peroxidase reaction. 

Transplants of leukemic tissue into mice of inbred 
strains dba, C57 brown, A, C, L, C3H, and C and 
other sublines of C57 black failed to grow. Follow- 
ing foster nursing, however, some refractory mice 
of the C57 brown and dba strains showed a local 
growth of leukemic cells of leukemia, line C1498, 
with a subsequent regression in most cases. Mice 
of subline W of the C57 black strain that were re- 
fractory (3.5 per cent positive) proved to be 66.7 
per cent susceptible following foster nursing by 
mothers of the B subline, C57 black strain (Table II). 
Sixteen of the 44 mice showed only a local, but progres- 
sive, subcutaneous growth of leukemic tissue, followed 
in late stages by invasion into ~urrounding subcu- 
taneous lymph nodes and a moderate escape of myeloid 
cells into the blood stream. Regressions were infre- 
quent. Most foster-nursed W subline mice developed 
the typical systemic leukemia. 

The susceptibility influence has been found to be 
transferred by B subline mothers to suckling young 
of the W subline as late as the 18th day of lactation, 
indicating the presence of the influence throughout 
the lactation period. 

Following transfer of the susceptibility influence to 
refractory mice by foster nursing, this influence was 
maintained in normally refractory ,nice by breeding. 
Three generations of W subline mice grew leukemic 
tissue of line C1498 rnyeloid leukemia without re- 
sort to subsequent foster nursing by B subline mothers. 

In an attempt to identify this influence transferred 
through the milk of susceptible mothers, various tissue 
extracts were administered to young refractory mice by 
both feeding and inoculation. Leukemia, line C1498, 
was used. The data obtained are only preliminary 
because of interruption of this work. 

It was found that liver, spleen, or mammary gland, 
homogenized and extracted with physiological saline, 
when fed to or inoculated into refractory mice from 
10 days to 3 weeks of age resulted in the develop- 
ment of a susceptibility to growth of the leukemic 
cells of line C1498. The most potent extract was ob- 
tained from lactating mammary glands (Table III). 

In order to standardize the test procedure 0.25 
gram equivalent of tissue in physiological saline (0.25 
cc.) was used throughout all tests. Refractory mice 
3 weeks of age were used as test animals and the in- 
oculations of tissue extract were made subcutaneously 
into the right axillary region. A single inoculation of 
tissue extract was given each test animal. In all cases 7 
days following the inoculation of homogenized tissue 
extract the refractory mice were inoculated with leu- 
ken-tic cells of myeloid leukemia, line C1498. Transfer 
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of the influence by inoculation of 0.25 gram equivalent 
homogenized m a m m a r y  gland extract resulted in 17 of 
34 refractory subline W mice growing the leukemic 
cells of line C1498. In contrast, only 23.1 per cent W 
subline mice grew the leukemia following inoculations 
with homogenized splenic extract of male or female 
susceptible mice. 

A series of tests were made using as a source of sus- 
ceptibility influence mammary  gland extract. Each 
separate test was controlled by uninoculated subline 
W mice, which in most cases were litter mates to 

animals showed complete systemic growth os leukemic 
cells, a certain heat stability is indicated. 

4. The Seitz filter failed to remove all the suscepti- 
bility influence in m a m m a r y  gland extract. Two 
separate tests were made and in each the filtered 
extract produced susceptibility to transplanted leukemic 
cells. 

5. Desiccation of m a m m a r y  gland and of leukemic 
tissue was accomplished under vacuum for 4 hours 
at room temperature. Extracts of desiccated mam- 
mary gland produced susceptibility in only 1 of 10 

TABLE II: REACTIONS OF NORMAL AND FOSTER-NURSED MICE TO TRANSPLANTABLE MYELOID LEUKEMIA, LINE C1498 

Donor of Number of Number Per cent 
leukemia cells Recipient mice positive * positive 

C57 black, B subline C57 black, B subline 131 1 3 0 + + + ;  1 - -  99.2 
. . . .  c57 " , W " 86 1 + + + ;  3+;  82-- 3.5 
. . . .  C57 " , W " fostered 66 2 8 + + + ;  16+;22--  66.7 

by C57 black, B subline 

�9 (-{-++)z systemic infiltration of leukemic cells; (+)~-loeal progressive growth of leukemic cells; (--)zno growth. 

TABLE III :  REACTIONS OF REFRACTORY MICE (C57 BLACK, W SUBLINE) TO TISSUE EXTRACTS 

Material Number of 
inoculated mice 

M a m m a r y  gland extract (0.25 gin. equiv.) 34 
Splenic extract 13 
Desiccated extract (C1498 leukemic tissue) 20 
40 hour dialysate 17 
. . . .  non-dialysate 13 

Glycerolatcd m a m m a r y  gland 21 
Heated m a m m a r y  gland extract 25 
Desiccated extract ( Inamlnary  gland) 10 
Partially digested milk  (gastric content) 10 
Seitz filtrate 6 
Controls "~ 86 

Per  cent 
Number positive 

positive * reaction 

1 5 + + + ;  2+  50.0 
3 + + +  23.1 
2 + + + ;  3+  25.0 
8 + + +  47.0 
7 + + +  53.8 

1 3 + + + ;  3+  76.2 
4 + + + ;  1+ 20.0 
I t + +  10.0 
7 + + +  7o.0 
2 + + +  33.3 
1 + + + ;  3+  3.5 

* (-{-+-{-)--systemic infiltration of leukemic cells; (+ ) - - loca l  progressive growth leukemic cells. 
t Litter mates to mice used in experimental series. 

the experimental group. The following observations 
were made: 

1. Dialysis of m a m m a r y  gland extract against phy- 
siological saline was accomplished by use of parch- 
ment paper (Wil l  Corpora t ion--Grade  A) .  Dialysis 
was carried on for 40 hours at - -4  ~ C. Refractory 
test animals were rendered susceptible by both the 
dialysate and non-dialysate (Table I I I ) .  Five separate 
tests were made for each of the extracts. 

2. Homogenized m a m m a r y  gland, stored in 50 
per cent glycerol for 30 days at - 4  ~ C, then ex- 
tracted with physiological saline, proved to contain 
the susceptibility influence. Four separate series of 
tests were made and, in total, 16 of 21 inoculated mice 
proved susceptible to transplanted leukemic cells. 

3. Mammary  gland extract heated for 20 minutes 
at 85 ~ C in a water bath produced susceptibility in 
5 of 25 animals. One animal in each of 5 separate 
tests proved susceptible. Since 4 out of 5 experimental 

mice. On the other hand, extracts of desiccated leu- 
kemic cells produced susceptibility in 5 of 20 mice, 
with 1 susceptible animal in each of 5 test series. 

6. In another at tempt to obtain a source of material 
for characterization tests of the susceptibility influence, 
partially digested milk obtained f rom stomachs of 
subline B (susceptible) mice was extracted and inocu- 
lated into refractory subline W mice. Gastric con- 
tents were removed from suckling mice 1 hour after 
suckling. Seven of 10 mice proved susceptible to the 
growth of transplanted myeloid leukemia cells. As a 
control experiment milk obtained f rom stomachs of 
strain A and subline W,  C57 black mice was ex- 
tracted and inoculated into test mice. These mice 
remained refractory to inoculations of leukemic cells. 
It has been found, in contrast, that digestion or partial 
digestion for 30 minutes will inactivate the m a m m a r y  
tumor inciter. 
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SUMMARY AND CONCLUSIONS 

1. An influence transmitted in the milk of certain 
lactating female mice was found to be effective in 
promoting the growth of two transplantable lymphoid 
leukemias and a transplantable myeloid leukemia in 
normally refractory mice. Preliminary data indicate 
the probability that such an influence, or influences, 
affects the growth potentialities in refractory mice of 
two other lymphoid leukemias. 

2. The growth in mice of refractory strains of 2 
fibrosarcomas, a melanoma, a mammary adenocarci- 
noma, a monocytic leukemia, and 2 other lines of 
myeloid leukemia were found not to be affected by 
an influence or influences transmitted in the milk. 

3. The susceptibility influence was found to be 
present throughout the period of lactation in susceptible 
lactating mice. 

4. Following transfer of the susceptibility influence 
to refractory mice by foster nursing, this influence 
was found to be maintained through three genera- 
tions, by breeding mice of the normally refractory 
strain. 

5. Saline extracts prepared from homogenized liver, 
spleen, or mammary gland were found to contain 
the susceptibility influence of myeloid leukemia, line 
C1498. 

6. The following characteristics of the susceptibility 
influence affecting the growth of this myeloid leu- 
kemia were found: (a)  It will apparently dialyze 

through parchment paper at - 4  ~ C. Five separate 
tests were made and in each the dialysate contained 
the influence. (b) It remains stable in 50 per cent 
glycerol for 30 days at --4 ~ C. (c) A certain heat 
stability is indicated. The extract heated for 20 minutes 
at 85 ~ C. rendered refractory mice susceptible to the 
growth of leukemia cells. (d) The Seitz filter appar- 
ently failed to rernove all the influence from an extract. 
(e) Desiccation in a vacuum for 4 hours at room tem- 
perature inactivated the influence present in mam- 
mary gland extract. Desiccation under similar con- 
ditions failed to inactivate completely the influence in 
leukemia cells. (f)  Digestion apparently failed to 
inactivate the influence. Four separate tests were 
made and in each test refractory animals were rendered 
susceptible by partially digested milk. This does not 
conclusively prove that the influence is unaffected by 
digestion. Gastric contents obtained 1 hour after 
suckling contained the susceptibility influence. This 
is in contrast to the effect of digestion on the mam- 
mary tumor inciter. 
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