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Effect of Thymectomy on Development of Leukemia in C3H Mice 
Inoculated with Leukemic “Passage” Virus.” (24615) 

LUDWIK GROSS 
Cancer Research Unit, Vet.  Admin. Hospital, Bronx, N. Y.  City 

Thymectomy has been known to inhibit de- 
velopment of either spontaneous leukemia in 
Ak mice( 1 :2) ,  or radiation-induced leukemia 
in strain C57 Black(3), or C3H(4). It ap- 
peared of interest to determine whether leu- 
kemia induced by inoculation of a transmis- 
sible, highly potent cell-free agent (5-7) could 
also be inhibited by removal of thymus. 

Passage A strain of leukemic 
virus initially derived from spontaneous Ak 
leukemia (5)  , and then passed serially by cell- 
free inoculations of newborn mice( 6,7), was 
used. In each experiment, filtrates (Selas 02) 
of 20% concentration, were prepared in the 
usual manner (6,7) from pooled leukemic or- 
gans removed from several individual C3H 
donors with primary, passage 12th to 14th, vi- 
rus-induced leukemia. All mice were of the 
C3H, or foster nursed C3H(f) lines, both of 
Bittner substrain, bred in our laboratory by 
brother-to-sister mating. Incidence of spon- 
taneous leukemia in untreated mice of our col- 
onies of C3H and C3H(f) mice does not ex- 
ceed 0.5% ( 7 ) .  Thymectomy was performed 
aseptically under combination of light, nem- 
butal-ether anesthesia. After skin incision, 
the upper part of sternum was exposed, and 
the manubrium sterni split in middle line 
longitudinally (3 to 4 mm) with fine scissors. 
The fascia covering mediastinum was then 

Methods. 

gently lifted with an ophthalmic forceps, and 
a small opening (3 to 4 mm) made, to visual- 
ize the thymus. Both thymic lobes were then 
removed by gentle suction, using a small, glass 
tubing. The wound was closed superficially by 
2 or 3 interrupted silk sutures, involving only 
the skin. Sufficient skill was gradually ac- 
quired to allow performing this simple opera- 
tive procedure with mortality not exceeding 

Results. Thymectomy in young adult C3H 
mice, followed by  inoculation of leukemic vi- 
rus. Young, adult C3H mice, approximately 
4 to 6 weeks old, were divided into 2 groups. 
Brothers and sisters were equally divided, but 
not all animals were litter-mates. Mice of the 
experimental group were thymectomized. The 
other group was left untreated, as controls. 
After 3 to 7 days, animals of both groups were 
inoculated intraperitoneally (0.5 ml each) 
with leukemic filtrate. This experiment was 
based on the potency of newly developed pas- 
sage A virus to induce leukemia, following in- 
oculation into young adult C3H mice ( 7 ) .  It 
is evident from Table I that, thus far, all 39 
thymectomized mice, which survived operative 
procedure and inoculation of virus, remained 
free from leukemia, whereas 44% of 41 con- 
trols, that had been inoculated simultaneously 
with the same filtrates, developed leukemia at 

10 to 20%. 

TABLE I. Thymectomy in  Young Adult C3H Mice, Followed by Inoculation of Passage A 
Leukemic Filtrate.* 

I- Thymcctomized mice t -\ r-------- Controls ’r 

No. of No. of Avg age 
No. of micc No. dev. mice No. dev. Leuk. leuk. 

exp. Sex inoc. leuk. Sex inoc. leuk. inc., ”/o dev.,mo 

27 0 9 27 11 
7 8 12 0 8 14 

Total 3 39 0 41 18 44 7 

* All filtrates (Selas 02) of 20% cone. A different filtrate was prepared in each experiment. 
Each mouse received 0.5 ml of filtrate i.p. Avg age at inoc., GO days. Mice that died within 6 
wk after inoculation were not included in table ; this included operative mortality resulting 
from thymectomy. 

t Time interval between thymectomy and inoculation of filtrate, 3 to 7 days. - 
*Aided, in part, by grants from Damon Runyon 

Memorial Fund, and Am. Cancer SOC. 
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TXELE 11. Iiiodntioti of P;rss:igc ,Z I,thitktblilic b'iltwtr" iuto Suckliiig C3H Mice, 3'ollowed by 

Lit t er-ma t e c on t rols.-, 
KO. of 90. of No. of h v g  age 

csp. iiioc. Sos i i ioc.  Iorik. H v s  jiioc. leuk. inc., 70 dev., mo 

Tll,vlll~~rtolllJ-. 

~ T l i p i e c t o i ~ i i z c ~ l  mice t -- - 7 7-- 

S o .  of litters 111icr so. t l ( @ V .  iriice ITo. dev. Leuk. Ieuk. 

7 months average age. .\iiiong 1s I)ositi\re leu- 
kemic mice, 16 had a generalized leukemia. 
and in 2. on macroscopic examination. leuke- 
mia was limited to thymic Iymphosarconias. 
Although this experiment has not yet been 
terminated (average age of surviving mice 8 
months a t  time of writing) the results thus 
far obtained are clear cut. 

Inoculotion of leukcmi(* xfirus into sitckling 
C3H nriw, followed b ~ l  t h ~ r l l c ~ r t o l l l ~ ~ .  C3H 
mice, less than 9 days old. were inoculated in- 
traperitoneally with leukemic filtrate. -4fter 
the mice reached 3 to 6 weeks of age. the lit- 
ters were divided into one experimental. and 
a control group. Mice of the experimental 
group were then thymectomized (average age 
at thymectomy 1 month). Both groups were 
then observed for development of leukemia. 
It is evident from Table TI that thyniectom!. 
inhibited development of leukemia. in essen- 
tially all animals, only 1 out of 5 5  mice de- 
veloping a palpable spleen. and 1 developing 
definite leukemia. On the other hand. in the. 
control group, 68 of 78 littermates developed 
leukemia (87%) thus far. mostly generalized 
(60) or limited on macroscopic examination 
to thymic lymphosarcomas (8).  These experi- 
ments are still in progress (average age of sur- 
viving mice 4.5 months at time of writing): 
leukemia may still develop in wine thymec- 
toniized mice, and will probably also develol) 
in a few control animals. Even with these 
reservations, the results thus far obtained sug- 
gest inhibition o f  development of leukemia. 
following thyniectomy, in mice inoculated with 
the leukemic agent. 

Ihcuss ion .  I t  was quite unexpected to ob- 
serve that removal of thymus, either preced- 
ing. or following inoculation of leukemic pas- 
sage A filtrates. inhibited development of leu- 
kemia in C3H mice. As an explanation, let 
us assume. as a working hypothesis, that the 
thymus represents the principal target organ, 
where the injected leukernogenic agent is 
stored. and multiplies. In  the first series, 
there was no "target" organ available for the 
agent when the filtrate was injected: since 
mice had been thymectomized prior to in- 
oculation. In the second series, removal of 
thymus in mice previously inoculated could 
have eliminated most of the virus presumably 
stored in that organ. The agent could have 
been stored in mice of both series also in 
other organs, such as spleen, liver, lymphoid 
nodes. etc. One might speculate that no dis- 
ease resulted in most of such animals because 
a massive concentration of a potent agent may 
be needed in a particularly sensitive cell area, 
as may be available in the thymus, to assure 
sufiiciently rapid replication, and eventual ac- 
tivation, of the agent. This would further im- 
ply that the initial focal activation of the dis- 
ease would usually take place in the thymus, 
then disseminated rapidly. There is not suf- 
ficient evidence to imply, however, that all 
lymphatic leukemias in the mouse initially 
clevelop in the thymus. Other explanations 
therefore should also be considered; the role 
of thymus in development of leukemia may 
also be humoral, or otherwise activating the 
agent. E'urther studies are needed. 

The second series, in which suckling (13H 
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mice were first inoculated with leukemic virus. 
and then thymectomized, could be compared 
with the removal of thymus in young Ak mice; 
the latter carry naturally the same, or a very 
similar agent. In the injected C3H mice, the 
agent is introduced, by inoculation, into the 
suckling host, shortly after birth. In Ak mice, 
the agent is already present in the embryo, 
having been “vertically”( 5) transmitted, i .e.  
acquired from parents. Both, injected C3H, 
and naturally infected Ak mice, carry there- 
fore a potentially pathogenic leukemic agent. 
lrrespective of theoretical explanation, in both 
groups of animals, removal of thymus may in- 
hibit development of leukemia. 

That the thymus of young, normal Ak mice 
actually contains considerable quantities of 
the agent was evident from unpublished ex- 
periments we carried out, in which cell-free 
extracts prepared from normal thymic tissue 
aseptically removed from 4 to 6 week healthy 
Ak mice, were inoculated into newborn mice 
of the C3H strain, and induced leukemia. 
Other normal Ak organs, such as testes and 
ovaries, however, also carried the agent (8) 
suggesting that thymus is quite probably not 
the exclusive target area for storage of leu- 
kemic virus in the mouse. 

It is true that C3H mice without injection 
of a leukemic virus will often develop leuke- 
mia following total body x-ray irradiation (4)  ; 
this radiation-induced leukemia is apparently 
also caused by a transmissible virus, since it 
can be transmitted by filtrates (4,9,10). The 
agent apparently responsible for development 
of radiation-induced leukemia is of low po- 
tency, remaining latent, unless triggered by 
total body irradiation. This x-ray induced 
agent is apparently also stored in the thymus, 
since radiation-leukemia can also be pre- 
vented by thymectomy(3,4). Whether the 
Ak agent, causing leukemia following inocula- 
tion into C3H mice is identical with the latent 
agent: indigenous in normal C3H mice, and 
causing radiation-induced leukemia, remains 
to be determined; we believe that these are 2 
distinct, though possibly related, leukemo- 
genic agents. Whether acquired by inocula- 
tion, or by “vertical” transmission from host’s 
parents, both are apparently stored princi- 
pally in the thymus. 

Thus, (‘3H mice in which thymus was re- 
moved during their first two months of life 
were resistant to leukemogenic action of 
either total body x-ray irradiation (4 ) ,  or of 
transmissible virus known to induce otherwise 
leukemia in 90% of normal mice of the same 
inbred line (5-7). 

Our results present a rather unusual exam- 
ple of preventing development of a transmis- 
sible, virus-caused disease, by surgical removal 
of a target organ, in an otherwise susceptible 
host. 

I t  should be stressed, however, that al- 
though removal of thymus may have an in- 
hibiting action on development of primary, 
vim-induced leukemia, it  does not influence 
development of leukemia resulting from im- 
plantation of leukemic cells into a susceptible 
host. This was shown before( 11) in Ak mice 
injected with Ak leukemic cells, and also ob- 
served in our laboratory on thymectomized 
young adult C3H mice inoculated with C3H 
leukemic cells (unpublished). 

Summary. 1. Of 39 young and adult C3H 
mice, thymectomized, and a few days later 
inoculated intraperitoneally with passage A 
leukemic filtrate, none developed leukemia. 
Of 41 normal controls inoculated simultane- 
ously with the same filtrate 18 (44%), devel- 
oped leukemia a t  7 months average age. 2. 
Of 55 suckling C3H mice inoculated with pas- 
sage A leukemic filtrate when less than 9 days 
old, then 1 month later thymectomized, only 
1 thus far developed a palpable spleen, and 
definite leukemia. Of 78 control litter mates 
inoculated simultaneously with the same fil- 
trates, but not thymectomized, 68 (87%), de- 
veloped leukemia at  2.7  months average age. 
3. Thymectomy, either preceding, or follow- 
ing inoculation of leukemic passage A filtrate, 
inhibits development of leukemia in otherwise 
susceptible C3H mice. 
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Inactivation by Plasma of ACTH-Releasing Property of C1* Labeled 
Bacterial Polysaccharides.*t (24616) 

RUSSELL S. JONES, E. VIRGIL HOWELL AND KRISTEN EIK-NES 
(Introduced by Leo T. Samuels) 

Dupts. of Pathology and Biological Che;ai.\.tvy, University of Utah College of Medicine, 
Salt Lake City  

A marked, but transient, elevation of 
plasma 1 7-hydroxycorticosteroids ( 1 7-OHCS) 
follows intravenous injection of a polysac- 
charide complex from K .  pizeumonine into the 
guinea pig( 1.2). The plasma 17-OHCS re- 
turn to control. while abundant P4 labeled 
polysaccharide remains in blood plasma ( 2 ) .  
During the first few hours after injection, the 
bacterial polysaccharide progressively loses 
capacity to evoke a 17-OHCS response(2). 
Such observations suggest that a physico- 
chemical change may have occurred in the 
polysaccharide after its administration. It has 
been demonstrated that the polysaccharide 
will not deplete adrenal ascorbic acid or de- 
crease adrenal cholesterol in hypophysecto- 
mized rats ( 3 ) .  Further, Rosenfeld (4) was 
unable to increase in vitro production of 
adrenal steroids by perf using isolated adrenal 
glands with different amounts of polysac- 
charides. Hypercorticism following admin- 
istration of polysaccharide must, therefore, 
be due to increased secretion of ACTH by the 
anterior pituitary gland. The present inves- 
tigation concerns in vivo and in vitro binding 
of C14 labeled polysaccharide with plasma 
proteins in relation to ACTH releasing ca- 
pacity and the haptenic property of the poly- 
saccharide. 

Materials and methods. The preparation 
of Cl4 labeled (alkaline-extracted, haptenic, 

* This investigation was supported, in part, by re- 
search grants from Nat. Inst. of Health, U.S.P.H.S. 

t Presented in part before Am. SOC. Exp. Path., 
Philadelphia, Apr., 1958. 

non-lethal) polysaccharide complex from K .  
pneumoniae has been described ( 5). The hap- 
tenic quality of isotopically labeled polysac- 
charide in circulating plasma was evaluated 
Iiy quantitative precipitin technic using anti- 
KZebsieZZa rabbit plasma inactivated at  56°C. 
The original labeled polysaccharide was em- 
ployed as a reference standard. The optimal 
range of the precipitin reaction was 1 to 5 y/ 
ml of rabbit plasma. Controls consisted of 
polysaccharide in 0.85% NaCl with normal 
rabbit plasma, polysaccharide in circulating 
guinea pig plasma with normal rabbit plasma 
and polysaccharide-containing plasma with 
0.85% NaC1. Guinea pigs of either sex, 
weighing 200 to 250 g were given a single in- 
jection by ear vein with 20 y C14 labeled bac- 
terial polysaccharide/lOO g body weight. The 
labeled polysaccharide was given in 0.15 M 
SaCl,  0.1 m1/100 g body weight, and a con- 
trol group was given 0.1 ml 0.15 M NaCl/l00 
g body weight. Animals in both groups were 
killed %, 1, 3, and 6 hours afterwards, em- 
ploying cervical clamp technic( 2 ) .  The hep- 
arinized plasma obtained by cardiac puncture 
was immediately centrifuged and plasma re- 
moved. Plasma 17-OHCS were determined 
by the method of Eik-Nes(6). Previously we 
isolated cortisol in guinea pig plasma(4) and 
plasma levels of 17-OHCS in the guinea pig 
apparently reflect the concentration of corti- 
sol in this fluid. Following cervical clamp 
technic( 2 ) ,  plasma levels of 17-OHCS in nor- 
mal guinea pigs will range from 1 to 30 y/lOO 
ml with mean concentration of 2 1  y/100 ml 


