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frozen state, should facilitate attempts to iso- 
late this agent from human sources, and to de- 
fine further its role as a respiratory pathogen. 

Coe virus dissociates from in- 
fected cells, but 25% to 50% of virus is still 
intracellular a t  time of maximum cytopathic 
effect. The virus was relatively stable when 
exposed to repeated freezing and thawing, and 
to storage a t  -70°C. 4OC, and room tempera- 
ture. At 37"C, 90% of the virus was inacti- 
vated within 3 days, arid less than 1% of 
particles were infectious after 20 days. Coe 
virus is rapidly inactivated a t  50°C, but a 
few particles survive 30 minutes a t  this tem- 
perature. Coe virus is ether resistant and re- 
sistant to inactivation at  pH 6 to 9. 

Summczry. 
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Development of Myeloid (Chloro-) Leukemia in Thymectomized CSH Mice 
Following Inoculation of Lymphatic Leukemia Virus.* (25576) 
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Results of recent preliminary experiments 
suggested ( 1 ) that thymectomy renders mice 
of an otherwise susceptible strain (C3H) re- 
sistant to leukemogenic action of a highly po- 
tent lymphatic leukemia, virus (passage A ) .  
This report deals with a )  further observations 
of injected, and thymectomized mice for de- 
layed development of lleukemia; b)  an at- 
tempt to restore susceptibility by subsequent 
implantation of normal mouse thymus, and c) 
the unexpected development of myeloid 
(chloro-) leukemia in some of the thymecto- 
mized mice inoculated with the lymphatic leu- 
kemia virus, and in one additiolnal non-thy- 
mectomized mouse inoculated with the same 
virus and implanted with normal mouse thy- 
ni us. 

Methods .  Passage A strain of leukemic vi- 
rus initially derived from spontaneous Ak leu- 
kemia ( 2  ) and then passed serially by cell-free 
inoculatioins through newborn mice (3,4) was 

* Aided, in part, by grants from Damon Runyon 
Memorial Fund, and Am. Cancer SOC. 

used. Now in its 21st serial passage, this 
virus induces consistently lymphatic leukemia 
in 85 to 100% of suckling C3H mice (Bittner 
subline) inoculated a t  less than 10 days of 
age. The average latency is about 2,s to 
3% months. Adult mice are also susceptible; 
up to 65% develop leukemia following intra- 
peritoneal inoculation of the virus, but the 
latency is prolonged, varying usually from 4 
to 6 months. Leukemic filtrates (Selas 02) of 
20% concentration were prepared( 3,4) frolm 
pooled leukemic organs from several C3H 
donors with primary, passage A virus-induced 
leukemia. All mice were of the C3H, or fos- 
ter-nursed C3H(f) lines, both of Bittner sub- 
strain, bred in our laboratory. Spontaneous 
lymphatic leukemia in untreated mice of our 
C3H and C3H(f) colonies does not exceed 
0.5% (4 ) .  We have never seen myelolid Ieu- 
kemia developing spontaneously in these mice. 

Resul ts .  Resistance of thymectomized mice 
t o  inoculation of virus. It. appeared previously 
that thymectomy either a) following, or b) 
preceding inoculation of passage A virus ren- 



deretl mice resistant to development of leu- 
kemia. The reservation was made, however. 
that leukemia might still develop later in some 
thymectomized mice since the average age of 
surviving animals in group a )  was only 4>2 
months( 1 ) .  This indeed was the case. A 
considerable number of mice injected when 
newborn with virus and subsequently thymec- 
tomized, eventually developed leukemia. The 
incidence among controls was nevertheless 
substantially higher and 1 e u k e mi a d eve1 o p ed 
earlier (Table I ) .  

Of 60t mice inoculated with passage A leu- 
kemia virus a t  average age of 3 days, and thy- 
inectomized about a month later, i.e., a t  an 
average age of 32 days, 26 (4374 ) developed 
leukemia a t  average age of 10 months. Of 
these. S developed niyelogenous leukemia 
(chloroleukemia) . in 4 the leukemias were un- 
identified, and in 14 lymphatic disease oc- 
curred. The  remaining mice survived with no 
signs of leukemia to average age od 14.5 
months. Of 85 litter-mate controls, inoculated 
simultaneously with the same filtrates, but not 
thymectomized. 79. or 93 3 developed lyni- 
pha tic leukemia, after average latency of only 
3.6 months. Thus, thymectomy performed af- 
ter inoculation of the virus, inhibited develop- 
inent of the disease in some animals, or de- 

hyed  i t  considerably in others. A different 
form of leukemia. hitherto not observed in 
our mice, that had been inoculated with the 
same virus, appeared in some of the thymecto- 
mized group. A few mice also developed sub- 
cutaneous fibro-myxo-sarcomas which were 
probably unrelated to inoculation of the leu- 
kemia virus. Passage A filtrates contain the 
parotid tumor virus ( 5 ) .  capable of inducing, 
among other tumors, also subcutaneous sar- 
comas. Thymectomy rendered most of these 
mice refractory to development of leukemia 
and prolonged their lives. Subcutaneous sar- 
comas developed, usually late, in some of these 
mice. 

On the other hand when thymectomy was 
performed prior to inoculatioii of leukemia 
virus, no leukemia resulted even after pro- 
longed observation. Thirty-ninet young adult 
(‘3H mice were thymectomized when 4 to  6 
weeks old, and inoculated a few days later 
with passage A filtrate. None had developed 
leukemia, although all were observed until an 
average age of 15  months. Of 41 non-thymec- 
tomized control mice, inoculated simultane- 
ously. when approximately 2 months old, with 
the same leukemic filtrate, 26 (63%) devel- 
oped lymphatic leukemia a t  an average age of 
8.7 months (Table 11). 

t Several mice were added to  this series since the 
last report was published( 1) , 
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s:rgv A li’ilt rates. 

Fil t ra te  tlicn 
tliymectomy t 
followed by 
irtiplantation 

b’jltrate of nornial F i l t w t e  then 
only thjnius: thymcctoiiiy jl 

KO. of n1ic.c. 36 20 5 

so. \lev. 35 18Q 2 

I,cnk. inc., 97 90 -10 

Avg age kuk. 3.6 8 3  8.5 

i 1 1 0 ~  .= 

I c d L  

% 

tlcv., 1110 

t Interval  between inoculai ion of filtrate arid thy- 

t Interval  lietween thyiiieetomy and iriiplaiitatioii 

2 of thest. leukemias were niyrloid (clilorolcu 

]I The No. of mice in this coliiiiin i s  small, but is 

Avg age a t  irioculation, CI days. 

meetomy, 1 nio. 

of tliymua, 7 t o  30 clays, avg 15 days. 

ktwiia). 

s n p p o r t d  by similar d a t a  in Table  I. 

Attempt  t o  restore susceptibility of thymec- 
tomized mice b y  implantlition of normal thy-  
mus .  Suckling C3H mice less than 8 days old 
were inoculated with passage A filtrate. After 
approximately 3 weeks these mice were di- 
vided into 2 groups. One group served as 
control. Mice of the other group were thy- 
mectomized. Seven to 30 days (average 15 
days) after thymectomy, 201 thymectomized 
mice received implants of normal thymuses 
immediately after aseptic removal from 
young, approximately 3 weeks old, healthy, 
untreated C3H mice. Implants of whole thy- 
muses from 2 donors were inserted through a 
small incision in skin of the back of each thy- 
mectomized mouse, and gently pushed into 
the subcutaneous tissue toward the chest. 
The wound was closed by one or 2 interrupted 
sutures. Of 36 control rnice inoculated with 
the filtrate, 35 (97%) developed leukemia 
after average latency of 3.6 months. Of 20 
mice inoculated with the filtrate, thymecto- 
mized later, and subsequently implanted with 
thymuses, 18 (90%) developed leukemia a t  
an average age of 8 months (Table T T I )  . At 
least 2 of these leukemias were myeloid 
(chloroleukemia). In some of these mice a 
large tumor developed a t  site of subcutaneous 
implantation of normal thymuses; these mice 

also showed, however, evidence of generalized 
lymphatic leukemia, such ;is large spleens and 
1 i ver s , i 11 fi 1 t r ated with 1 y trip hoid cell s, and 
large peripheral lymph nodes. In  a small ad- 
ditional control group, 5 mice had been inocu- 
lated with the leukemic filtrate and were later 
thymectomized, but did not receive subse- 
quent thymus implants. Only 2 of these de- 
veloped leukemia after a latency of 8.5 
months. These experiments suggest that sus- 
ceptibility of thymectomized C3H mice to 
leukemolgenic action of passage A virus could 
be restored by implanting into such mice nor- 
mal thymuses from young, healthy C3H mice. 

Dezlelopment of .;IN yelogenous leukemia in 
mice that had been inoculated with passnge A 
filtrates. Some C3H mice inoculated when 
newborn with passage A filtrates, and subse- 
quently thymectomized, remained healthy for 
a time, but when approximately 12 months 
old, developed palpable spleens and enlarged 
peripheral lymph nodes. Autopsy of one of 
these leukemic mice revealed a green color of 
the peripheral lymph nodes and a more de- 
tailed examination, including microscopic 
studies of blood and other organs revealed 
myeloid leukemia. Within a few weeks 7 
other mice with a similar form of leukemia 
were found among surviving filtrate-injected 
and subsequently thymectoImized C3H mice. 
Myeloid leukemia also developed in 3 addi- 
tional mice that had been inoculated with pas- 
sage A virus; only 2 of these 3 mice had been 
thymectomized, but all 3 received subcutane- 
ous normal C3H thymus implants. 

C3H mice not inoculated with passage A 
filtrate, though thymectomized: did not de- 
velop myelogenous leukemia. In  an unrelated 
experiment, 2 2  normal C3H mice not inocu- 
lated with leukemic filtrate were thymecto- 
mized when 3 to 4 weeks old. They were 
then observed without further treatment until 
they were 14 to 15 months old. None devel- 
oped leukemia. 

Morphology. All 11 mice with primary 
myeloid leukemia presented similar pathology. 
The  moderately enlarged superficial and inter- 
nal lymph nodes were in most instances of a 
characteristic light green color suggesting the 
diagnosis of chloroleukemia. The green cololr 
was particularly pronounced in 7 out of the 



1 1 inice examined. Spleens were large, h i i t  

livers were only slightly cnlargetl and of 
Imwn color. The number of peril)heral white 
blood cells was increased (to1 14C),OOO/cu 
mm). Blood smears revealed in all 11 mice 
the presence of myeloblasts, myelocytes, me- 
tamyelocytes and unidentified large mononu- 
clear cells; there were numerous myeloid cells 
and polymorphonuclear leukocytes in all 
phases of maturity, but relatively few lympho- 
cytes. Nucleated red blood cells were also 
present; in one instance the number of nucle- 
ated red blood celis was considerable ( 103 nu- 
cleated RRC per 100 \\‘BC). There was rap- 
idly progressing anemia with a marked aniso- 
cytosis and polychromasia of erythrocytes. 
One leukemia could be identified as erythro- 
blastic. 

Transplantation of ?nyeloid lcukenzia. Cell 
suspensions ( 2-4) from C3H donors with mye- 
loid leukemia were inoculated intraperitone- 
ally into young adult, 4 week old C3H mice. 
Leukemia developed in most of them after 
a latency of 2 to 6 weeks. The latency was 
shortened in subsequent transplantations. 
The characteristic green color of the super- 
ficial and internal lymph nodes was. however. 
considerably less pronounced in those mice 
that developed leukemia following transplan- 
tation of leukemic cells, than in initial donors 
with primary, virus-induced, leukemia. Some 
mice with transplanted leukemia revealed a 
varying amount of ascitic fluid and presence 
of multiple leukemic tumors in the peritoneal 
cavity resulting probably from the intraperi- 
toneally implanted leukemic cells. Some mice 
had peripheral blood changes characteristic 
for myelogenous leukemia: in some of the 
C3H mice with transplanted myeloid leuke- 
mia, the number of white blood cells reached 
500,000 and even 800,OOO/’cu mm, with a 
large proportion of myeloblasts and immature 
myeloid cells. Frequently, however, lymphoid 
leukemia resulted, with a high proportion of 
lymphoblasts. 

Discussion. The fact that removal of thy- 
mus colnferred resistance to C3H mice to 
passage A leukemogenic virus was observed 
in our laboratory ( 1 ) and independently by 
Levinthal and her associates ( 6 ) .  Removal of 
the thymus prior to inoculation of the virus 

was most clfeclive, since such thymcctoinized 
;inimals did not develq) leultemia eveii after 
long interval of time. On the other hand, 
when thymectomy followed inoculation of the 
virus, some mice eventually developed leu- 
kemia, either lymphatic, or myelogenous. 
There was, however, a substantial difference 
between these 2 groups in age a t  which inocu- 
lation of virus was performed. Animals thy- 
mectomized first received the virus when ap- 
proximately 4 or 5 weeks old. Mice of the 
other group received the virus shortly after 
birth, i.e., a t  time of higher susceptibility. 
This could explain why a substantial number 
of mice in this group later developed leuke- 
mia. Levinthal and her associates did not ob- 
serve development of leukemia in mice that 
had been inoculated with the virus and then 
thymectomized, but their experiments were 
terminated when the mice were only 7 to 9 
months old ( 6 ) .  It is conceivable that a t  least 
some of their thymectomized mice could have 
developed leukemia later. It is rather difficult 
to remove completely both thymic lobes in an 
operative procedure requiring skill and speed 
to  avoid hemorrhage and respiratory difficul- 
ties. \Ye assume therefore, that in at least 
some of our mice that developed lymphatic 
leukemia in spite of thymectomy, parts of 
their thymic lobes might have been left after 
operation. 

Implantation of a normal thymus into thy- 
mectomized animals restored their suscepti- 
bility to leukemogenic virus. In  previous simi- 
lar experiments by Law ( 7 ) ,  Kaplan (8) , 
Carnes (9) , and their associates, implantation 
of normal thymus into thymectomized mice 
also restored their susceptibility to carcinogen 
or radiation-induced leukemia, respectively. 
>lore recently Rliller( 10) also observed that 
susceptibility of thymectomized C3H mice to 
inoculation of passage A leukemic virus could 
be restored even several months after thymec- 
tomy, by implantation of a normal, homolo- 
gous thymus. These experiments suggest that 
thymus is not the only organ where the leu- 
kemic virus is stored. Animals that had been 
injected with the virus and were later thymec- 
tomized, apparently still carried the virus. 

The  most startling finding was the recent 
observation of development of myeloid leuke- 
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mia in sotiie of the thymec toimized mice inocu- 
lated with lmssage A leiukeinia virus. That 
form of leukemia has not been hitherto observ- 
ed in normal C3H mice receiving only passage 
A virus without additional treatment. In pre- 
vious experiments several hundred newborn 
and suckling C3H mice had been inoculated 
with passage A filtrates. Up to 95% of the 
inoculated mice developed lymphatic leuke- 
mia. Over 70 blood counts were recently 
made on these mice. In  some mice (not ex- 
ceeding 2 0 % )  the disease was aleukemic. 
Peripheral blood examination revealed in the 
majority increased numbers of white blood 
cells (average 53,3@0/cu mm) predominantly 
of the lymphocytic series (average 65% of 
lymphocytes) with presence of lymphoblasts 
(average 7.1 o/a ) consistent with the diagnosis 
of lymphatic leukemia. Quite frequently, 
however, the blood picture became leukemic 
only in terminal phases of the disease. 

Although there were not always significant 
peripheral blood changes, the plasma of these 
mice contained the virus. Filtrates of plasma 
from C3H mice with passage-A-virus-induced 
leukemia were almost as leukemogenic on in- 
oculation tests as the highest concentrations 
of “organ filtrates”( 3,4) of spleens, livers, 
thymic tumors, and meseriteric and peripheral 
lymph nodes from the same donors. This ob- 
servation (unpublished) suggested that the 
leukemic virus is present in relatively high 
concentration in blood plasma of mice with 
passage-A-virus-induced leukemia. 

‘Development of myelogenous leukemia in 
some C3H mice inoculated with passage A 
(lymphatic) leukemia virus is of considerable 
interest. Most of these mice were thymecto- 
mized after inoculation with the agent. One 
is tempted to speculate that removal of thy- 
mus had a significant rela.tion to development 
of myelogenous leukemia in these mice. An- 
other mouse also received passage A virus, 
but instead of having the thymus removed, re- 
ceived a subcutaneous implantation of an ad- 
ditional thymus from a homologous host. 
Here again there may be some obscure, per- 
haps indirect, relation between the implanted 
thymus and development of myelogenous leu- 
kemia. 

It could be assumed that development of 

niyelogsnous leukemia was “spontaneous,” 
and had iio relation to injection olf the virus. 
It would be difficult nevertheless to accept 
such an explanation. We have never seen 
spontaneous myelogenous leukemia among 
untreated mice of our C3H or C3H(f) colo- 
nies observed during the past 15 years. One 
could assume, on the other hand, that myelo- 
genous leukemia developed in these mice as 
a result of inoculation of passage A leukemia 
virus. If so, a )  the same virus might cause 
either lymphatic or myelogenous forms of leu- 
kemia, b) we may be dealing with a mixture 
of distinct leukemogenic viruses. 

A similar phenomenon was observed in mice 
of the Ak strain, which carry, and transmit 
naturally from one generation to another, a 
leukemic agent ( 2 )  presumably identical with 
that contained in passage A filtrates(3). If 
left undisturbed, up to 90% of Ak mice de- 
velop leukemia spontaneously, as a rule 
lymphoid, when about 7 to 12 months old. 
Development of myelogenous leukemia in un- 
treated Ak mice has been reported, but is ex- 
ceedingly rare ( 1 1,12 ). We have not seen mye- 
logenous leukemia among many hundreds of 
spontaneous Ak leukemias studied during the 
past 15 years. 

Incidence of spontaneous leukemia in mice 
of the Ak strain could be considerably reduced 
by thymectomy (13). Furth observed, how- 
ever, that among thymectolmized Ak mice 
whose life was prolonged, several later devel- 
oped myelogenous leukemia ( 12 ) . Chloroleu- 
kemia was also observed in a mouse of the Ak 
strain ( 14), but that particular animal had 
been irradiated. 

The first transmission of chloroleukemia in 
mice by cell transplantation was reported by 
Hall and Knocke( 15). More recently, Graffi 
observed frequent development of chloroleu- 
kemia in mice inoculated with filtrates pre- 
pared from several transplantable mouse tu- 
mors. Only 10% of the myelogenous (chloro) 
leukemias observed by Graffi( 16) could be 
transmitted by cell transplantation, but a t  
least some of them could be transmitted by 
filtrates. The myelogenous leukemias we ob- 
served could be readily transplanted by cell 
graft, retaining their myelogenous blood 
morphology, or changing to lymphatic form. 
Attempts to transmit these leukemias to new- 



1)orti and suckling (‘3H mice by filtrates :lr(’ 

now in progress i n  our laboratory.: 
12urmester cl aC. ( I 7 )  observed receiitly that 

when cell-free extracts prepared from a pre- 
sumably pure strain of avian myeloblastosis 
A were inoculated into susceptible chicks, 
either myeloblastosis, visceral lymphoblas- 
tosis (lymphatic leukosis ) . renal adenocar- 
cinomas. or osteopetrosis resulted. A411 com- 
binations were observed except a concurrent 
development of my eloblas tosis and lymphatic 
leukosis. In  another series Burmester [Jt a / .  
observed that filtrates prepared from chicken 
erythroblastosis strain R induced either eryth- 
roblastosis, or visceral lymphomatosis. The 
fundamental question remains to be answered 
whether a single virus is capable of inducing 
different forms of chicken leukosis, or whether 
we are dealing with a mixture of distinct, al- 
though possibly related. 1eukemo~:enic agents. 
The problem is similar in the mouse. 

S I I I I Z I I Z U I . ~ ~ .  1. Thirty-nine (’3H mice were 
thymectomized a t  4 to 6 weeks of age and  
inoculated a few days later with passage A 
leukemic filtrates. S o n e  developed leukemia. 
although observed until they were 15  months 
old. Of 41 non-thymectomized adult control 
mice injected simultaneously with the same 
filtrates, 63% developed leukemia a t  8.7 
months average age. 2 .  Of 60 C3H mice in- 
oculated with passage i\ leukemic virus a t  
average age of 3 days and thymectomized a 
nionth later, 26 (4354 ) developed leukemia at  
10 months average age. ,4inong leukemic 
mice in this group. 8 developed i n  yelogenous 
(chloro) leukemia. Of 85 litter-mate controls 
injected simultaneously with the same filtrates. 

$ As this manuscript goes to press, among the 117 
C3H mice inoculated a t  an average age of 2 days 
with filtrates (Selas 02) prepared from myelogenous 
leukemias, 2 1 mice (18%) have thus far developed 
either thymic lymphosarcomas. or generaliLed 
lymphatic leukemia, a t  an average ace of .i 

months ; a high proportion of 1) mphoblasts in pcri- 
pheral blocd was noticcd in some o f  them. 

but not thyniectomized, 9374 developed 
Ij~tn1)hatic leukemia a t  3.6 months average 
age. 3 ‘ Myclogenous leukemia developing 
in some virus-injected and subsequently thy- 
mectolmized mice could be readily trans- 
planted to mice of the same strain, retaining 
its myelogenous form or changing to lymphoid. 
3 .  Susceptibility of thymectomized mice to 
the leukemogenic action of passage A virus 
could be restored by subcutaneous im- 
plantation of thymuses from young normal 
(’3H mice. Of 20 C3H mice injected with 
the leukemic virus, then thymectomized, and 
lvhich subsequently received subcutaneous im- 
plants of normal C3H thymuses, 18 developed 
leukemia ( 2  of these were myelogenous), as 
compared with 3 5 of 36 non-thymectomized 
controls that  had received the same filtrates. 

1 Gross, 1, , Piroc. SOP. EXP RIOT,. AVD Mm., 

? , i h i d ,  1951, 1’76, 2’7 
> ~ _ _ _  . ib id ,  1957, 193, 767. 
4 -  1 i b i d ,  1958, ~ 9 7 ,  300 
7 ~- , ibirl, 1953, ~ 8 3 ,  414. 
h Levinthal, J D., Buffett, R. F., Furth, J., ibid., 

7 .  Law, I,. IV., Miller, J. H., J .  N u t .  Cancer Znst., 

8 Kaplan, H S., Carnes. iV .  H., Brown, M. R., 

9 Carnes, \V. H ,  Kaplan, H. S., Brown, M. H . ,  

10 Miller, J .  F. iZ. P., Nature,  1959, v184, 1809. 
11 Rarnes, LV. A ,  Sisman, J .  E., 14tn. J. C a w e r ,  

1 2  Fui th ,  J , 1. Grvont., 1946, v l ,  46. 
1 i NLEnclJ, 1). P., Boon, M. C., Furth,  J., Cancer 

14. Flory, C .  M., Furth, J., Saxton, J. A, Reiner, 

15. Hall, J .  W., Knocke, F. J., Ant. J .  P a t h ,  1938, 
v13, 217. 

16. Grafii, -4, Bielka, H., Fey, F., Actu hawzat., 
1056, 115, 145. 

17 .  Hurmester. R .  R ,  Walter, W. G., Gross, M. A., 
Fontes, A .  K., J .  X a t .  Cancer Znst., 1959, v23, 277 .  

l ( I i (1 .  \ 100, 12.5. 

I O i O ,  \ 100, 610. 

lOi0, v l l ,  425. 

I I i i > c h ,  B. IJ., Cancer Research, 1956, v16, 422. 

Hirsch, R .  B., ibid., 1956, v16, 429. 

1 0 i C ) .  1.37, 1. 

Rt~\t~cit( h ,  1933, \3, 377. 

IA., ibzci., 1943, v3, 729. 

Received December 14, 1959. P.S.E.B.M., 1960, v103. 


