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STUDIES ON THE MECHANISM OF LEUXEMOGENESIS BY IOMIZING RADIAVION

The iaduction of leukemia by ionizing radiation is influence¢ by many variables,
including rad:ation intensity, radiation dose, fraction of the tody irradiated, genetic
differences in susceptibility, age at irradiation, sex, and other physiologic factors. The
influence of these variables on the induction of leukemia varies with the hematcingic

type of leukemia induced.

Irradiation increases the susceptibility of aduit mice to

filterable leukemogenic agents theat, administered after irradiation, enhance the de:iop-

ment of leukemia.

The high carcincgenic potency of ionizing
radiation is weli “nown (14, 15, 18). Ainong
the many types ¢. neoplasms induced by radia-
tion, leukemia is srominent in human !eings
(66) 2nd in mice -14). Although mice are, in
general, susceptiblc to leukemia iaduction,
their responsiveness w0 a given amount of
radiation varies, according to the influence of
genetic, physiologic, and radiologic factors, The
effects of these variables have been investigat-
ed in a series of experiments summarized in
this report.

RADIOLOGIC FACTORS

Relation between lecukemia incidence and
radiation dose

Apart from the influence cf physiologic
factors, the dose, dose rate, and hematologic
type of leukemia in question affect the in-
cidence of induced leukemia.

In mice of most strains, lymphomas are
readily induced by whole-body irradiation.
These neoplasms develop predominantly in the
thymus as lymphosarcomas and frequently be-
come generalized, with involvement of the
peripheral blocd. The relation between the in-
cidence of these neoplasms and the radiation
dose is nonlinear, a oresk in the dose-response
curve occurring between 100 and 400 r, depend-
ing on the strain of mice in question (fig. 1).

Revelved for publication on 5 August 1988.

Gra:ulocytic leukemia is l:ss often encoun-
tered in mice, those of the RF strain being a
notble exception. A dosc of only 150 r great-
ly increases the incidence of granulocytic
leukemia in these animals (fi,. 2). Paradoxical-
ly, as sublethal radiation dosc levels are ap-
proached, the induction of granulocylic leuke-
mia declines. This is attributed to mortality
of potentially leukemic mice early in life from
radiation-induced diseases other than leukemia
sinc.. when the incidence is edjusted to correct
for intercurrent mortality, ihere is no decline
in the induction rate (fig. 3). The shape of
the dose-response curve for the dose range bc-
low 150 r is not definitely known. Although
available data suggest that it is not linear (fig.
4), this, of course, does not necessarily imply
thke existence of a threshold.

The incidence of other types of leukemia and
of lymphomas arising outside the thymus is
not significantly increased by radiation.

Influence of radiation intensily

As first shown by Kapian and Brown (29),
the induction of thymic lymphomas may be
greater for a given dose of x-rays when the
radiation is administered in appropriately
timed fractions than when it is administered
in a single, brief exposure (63). A similarly
complex time-intensity relation is suggested by
the work of Mole (54). From these studies,
there seems to be an optimal dose rate for
lymphoma induction, below which the effective-
ness of the radiatior is diminished. At greatly
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FIGURE 1

Incidence of lymphomas induced in mice by a single
exposure to ionizing radiaiion.

A RF females (52).

O RF males (63).

A C57BL ¢29).

QOLAF, (17).
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FIGURE 2

Cumuletive incidence of granulocytic leukemia induced in RF male
mice by a aingle exposure o x-rays .at 10 weeks of age. Each treat-
ment group contained 65 to 70 mice (A. C. Upton and F. F. Wolff,
unpublished data).
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F'GURE 3

Incidence of granulocytic leukemia inducsd in RF male
mice by a single exposure to x-rays at 5 to 6 weeks of
age (63). The adjusted incidence is the observed t1-
cidence corrected for intercurrent mortality not at-
tributadle to leukemia (35).
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FIGURE 4

Incidence of granclocytic icukemia induced in Re male mice by
a single cxposurc ‘o radiation at 6 to 8 weeks of age (62). The
combined data for x-rays and thermal neutrons are piotted against
the dose of radiation cxpressed 1 rem on the bazis of 20-6¢ay lethality.
The obsesved pomnts depart sigimijicanily from the fitted etraight line,
e, x°* = 5.857; P < 0.0i; however, because this sigrificance test
and the 95 percent covfidence intervals shown neglect the possibility
of extrabinomial variation, ho*\ must be interpreied with rescrvation
(A. W. {imball, personal communication).
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reduced dose rates, however, the incidence of
leukemia exceeds the control levels (fig. 5),
as noted even in mice exposed throughout life
to oniy 0.11 r per day (47). This is consistent
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fraction of the body is shielded from radiation
(table I). It is noteworthy that, although such
shiclding cssentially abolishes induction of
lymphomas, it dves not completely prevent in-

with the elevated incidence of leukemia in
radiologists (50).

duction of granulocytic leukemias. The elfects
of partial irradiation of different regionr ¢f the
body and the possible imnportance of the small
fraction of the radiatiua dose penetrating tis-
sue beneath the shield are being investigated.

Partiial-body versus whole-body irradiatios;

5,

E Induction cf either granulocytic leukemia or
lymphoma is greatly inhibited when a small

Inhibition of lymphoma formation Ly shield-
ing the thigh (30) or spleen (46) or by in-
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FIGURE §

Incidence of leukemia in RF female mice exposed 28
hours daily throughout life to \-o% gamma rays or Po-Be
neutrons. Each treatment g-oup contained 100 te 200
animals (A. C. Upton, J. A. Sproul, Jr., and M. L.
Randolph, unpublished data).

TABLE 1
Effects of partial-body shielding on leukemsa induction by z-rays (63)

X-ray dose* Number Meanage Leukemi: incidence ' (%)
of Tissue exposed at death Thymic
(r; (gm.-0)t micel (mo.) Myeloid lymphoma
0 0 314 None 19.1 6 (=x2) 9 (x3)
160 3,000 104 Whole body 15.6 39 (=6) 10 (£3)
300 6,000 104 Whole body 12.5 48 (=7 20 (=5)
460 9,000 165 Whole body 10.3 b4 7£17) 29 (+6)
450 6,000 85 Upper 2/3 body$ 16.0 18 (+56) 6 (+3)

© 25¢ kvp. 80-100 r per minute, hrl 0.4¢ mm. of Cu.

t Graoy»-roentgeas.

CRF males, 54 weeks 0ld at Irrediation.

§ Pulvis ant lower axtremities shigded with lead.

[} foeManca adfusted (cf. 33) to correct for intarcurnat mortadty fromr causes other than leukemia.
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jection of nonirradiated, viable, isologous bone
marrow (32) or spleen (7) celis after irradia-
tion has also beep noted. Cu the basit of ex-
ist*:g evidence, it seems that th:se procedures
have in common the effect of providir.g normal
hemopoietic cells that rapidly colonize and re-
populate the irradiated marrow and lymphoid
ticsue of the recipient (8). Hence, it is logical
that they promote recovery of the weight of
the irradiated th;mus (4). The mechanism
whereby partial shielding or injection of mar-
row inhibits leukemogenesis is unknown, but
since lymphomas ar induced in nonirradiated
thymic tissue when it is implanted into ir-
radiated recipients (31, 34, 43, 44), it is
evident that systemic, radiation-induced dis-
turbances can themselves cause neoplastic
change i.: the tb''mus. Kaplan (28) has there-
fore postulated that the leukemogenie influence
is an exaggerated stimulation of growth elicited
by repair mechanisms and that only in th2
presence of wnonirradiated marrow cells can
thymic regenc-ation take place promptly
enough to prevent this excessive .itimulation.
In view cof the possible importance »f viral
agenits ir- leukemogenesis (12), howzaver, it is
conceivable that tihe anti-oncogenic =action of
irtact marrow or sp'een cells results from re-
covery-promoting effects on the irradiated im-
mune system of the host (9, 48 49;.

PHYSIOLOGIC -CTORS

Strain differences

Susr:.ptibility to the spontaneous develop-
menl and inductic : of leukemnia varies greatiy
from one strain to another. Within the sawme
straiii, susceptibifity to tlie leukemoyenic ac-ion
of any one inducing agent is not ne:essarily
correlated with suseeptibility to others (38).
Although strain differences have heretofore
been ascrib-«d to genetic variables, it bhas also
been suggested that the high incidence of
lymphoma in certain strains may be caused by
leukemogenic viruses that szre transmitied
from one generation to another in the germ
cells (21). Even susceptibility to the leuke
moyenic action of such filterable agents, how-
ever, varies from one strain of rice to another

N )

T ) .
?3«""‘1\%‘,"_7-.,*),‘;‘:ﬁ%:lﬁ}\_k*\f’f}}_ L e IR ST . t eI

(13, 22, 64), presumably because of genetic
diffarences.

The spontaneous incidence of myeloid leuke-
mia is so low in most strains of mice and othar
laboratory animals that only sporadic cases
have been reported in the literature (10).
Granulocytic leukemias have been induced in
mice, however, by administration of indol (6,
11), benzol (45), and ionizing radiation (1&}.
The unusually high susceptibility of RF mice
to induction of granulocytic leukemia by radia-
tion is transmitted in part to F, hybrid prog-
eny in the one strain combination (BALB/c
femaiz x RF male) tested so far (table II).
V7 hether this transmission of susceptibility oc-
curs througl. a genetic mechanism or by some
other means remains to be eiucidatad.

Influence of age
-

Althougi: in man acute leukemia is relatively
common in childhood, leukemia is rare ia im-
mature arimals of other species. In mice it is
a lisease of aduit life, increasing in frequency
with aire (5). Age also affects susceptibility
to induction of leukemia by x-rays, its influence
varying with the hematologic type of leukemia
in question (table III). The decreas: in sus-
ceptibiiit- to lymphoma induction with age,
observed previously with x-rays (25), chemical
agents (55), and ACTH (58), occurs more
rapidly thar might be expected on the basis
of thymic ipvolution alone (27). This suggests
the infivence of other age changes, suck as
endocrin: alteru.cions.

The 12sistance of newborn mice to induction
of myeloid letkemia by irradiation, despite
maximal susceptibility to lymphoma indaction,
is unexplained. Preliminary experimnents sug-
gest that ‘his resistance persists during the
first several weecks of life, decreasing only
gradually as sexual maturity is approached (A.
€. Upton and F. F. Wolff, unpublished data).

T man, as in the mouse, acute lymphatic
leitkemia is probably induced more commonly
in irradiat. ¥ children than in irradiated adults
(56).




TABLE 1I

Relative susceptibility of parental cud F, hybrid strain mice to
induction of granulocytic izukemia by z-rays*

Leukemia

. X-ray incidence (4;
Strain Sex h;}ml?fr dose incidence (%) -
of mrze (r) Thymic
Myeloid lymphoma

RF M 101 0 3 5
RF F 97 0 3 5
BALB/c M 74 0 0 0
BALB/¢ F 7C 0 1 0
BALB/¢ x RF M 94 0 i 2
BALB/¢ x RF F 101 0 3 5
RF M 104 200+ 38 16
RF F 101 +90% 12 43
BALB/¢ M 82 3v0% 9 1
BALB/¢ F 79 3v0L 4 1
BALB/c x RF M 99 3008 25 7
8ALB/c x RF i 91 30 16 11

*G. E. Cosgrove, F. F, Wolff. and A. T. Upton (unpublished 4ata).
t Whole-body expcsed to 250-kvp x-radiation st 5-6 weeks of uge.
3 While-body exposed to 250-kvp x-radiation st 13-17 weeks of age.
§ Whote-body rxpcsed to 250-kvp x-radistion at 12-24 weeks ~f age.

TARLE III

Influence of age at irradiation on suscentibility
to induction of leukemia (63)

Age at Leukemia
(B Number Mean incidencet (%)
tion® of + st;rvwal —_-—T"'m-u.—
(days) ~ ™ice M) Ayeloid  lymphote.
1 69 124 6 (x3) 23 (£6)
35-42 104 12.5 48 (=7) 20 (#5)
65-75 65 14.7 59 (=9) 8 (£3)
175-185 107 15.8 51 (x9) 11 (=3)
Control 69 19.6 6 (£3) 8 (+4)

* 300 r of whole-hody. 250-kvp x-radiation, 80-100 r per minute
t Male mice of the RF strain.

t Incidence adjuited tef 35) to correct for mortality not attribu.
table to leukemia

Gonadal factors

Although in many, but ot all, strains of
mice estrogens enh:n.e and androgens inhibit
lymphoid tumor formstion, the basis for these
effects is yet unknown (86). Kaplan et al.
(33) pointed out the clese correspundence be-
tween the action of various hormuues on
thymus weight and their influence on lym-
phoma formation. Agents that pro~ote thymic
growth tend to augment leukemogrniair, and
vice versa, with the exception of estrogen.
The efiect of cvariectomy on lymphorr « ‘nduc-

6

tion in irradiated RF mice (table 1V) suggests
that estrogen exerts a coleukemogenic action
on the thymus in this strain.

Castration does not abolish the relatively
high susceptibility to granulocytic leukemia in
males, and ovariectomy, although raising sus-
ceptibility in females, does not increase it to
the male level. A sex difference in the in-
cidence of the disease therefore persists even
after gonadectomy (table 1V). This difference
is being explored further in males and females
gonadectomized at birth and in castrates treat-
ed with androgens and with estrogens. Like-
wise, the influence of the estrus cycle on
granulocyte formation (2) is being correlated
with susceptibility to myeloid leukemogenesis.

Effects o7 iuymectomy

Removal of the thvmus prevents not only
the spontanevus development of mediastinal
lymphomas (41, 52) but also the induction of
such neoplesms by chemicals (42) and radia-
tion (26) (table V). In the absence of the
thymus, other lymphoid tissues undergo neo-
plasia in response to irradiation (table V), an
ef.ect comparable to that noted by Kirsch-




TABLE IV

Effects of gonadectomy on leukemia induciion by z-rays in

R* mice (62)

X-ray Number Mean age Leukemia incidence® (%)
dcse Sex of at death Thymie
(r) mice (mo.) Mycloid lymphoma
0 M 314 19.1 6 (x2) 9 (=3)

0 M+t 103 18.5 6 (=3) 16 (+3)
300 M 104 12,56 48 (=7) 20 (xb)
300 Mt 117 13.5 43 (=7) 24 (=6)
0 F 97 20.0 4 (x2) 6 (=2)

0 Fi 118 18.5 3 (%2) 9 (x3)
300 F 101 12.0 14 (=4) 53 (=9)
300 Ft 102 12.7 27 (=7) 34 (=7)

¢ Incidence adjusted (cf. 35) to correct for mortality not attributable to leukemia.
t Gonadectomized 1 week before irradiation; f.e., at 4-5 weeks of age.

TABLE V
Effects of thymectomy on leukemia induction by z-rays in RF mice (63)

Mice dying with leukemia

Myeloid Lymphoid Mean age
i N i at death
X-ray Number Mean age Thymic Nonthymic from
dose of mices Percent at death Mean age Meanage 3l causes
(r) {mo.) Percent  at death  Percent at death (mo.)
(mo.) (mo.)
0 34 3 16.3 5 15.6 29 20.6 19.1
460 105 23 10.8 2i 8.5 9 16.8 10.3
450 120% 29 10.0 1 6.0 30 13.1 11.0

® Males, irradiated at 5-6 wecks of age.
t Thymectomized 1 week before irrsdiation.

baum and Liebelt (37) in thymectomized mice
treated with methylicholanthrene. Hence, al-
though in intact mice the thymus is apparently
the lymphoid tissue of maximal sensitivity, neo-
plasia may be induced in other lymphoid organs
by appropriate stimulation, depending on strain
variations in susceptibility (63). The reactivity
of the thymus may be related to its high
lymphopoietic activity (1). This in turn may
result from growth stimulation by local hu,noral
factors such as the iymphocytosis principle
(63), which is produced by the thymus and
elevated in animals with lymphoid leukemia.
Hence not only may cells of the thymus become
neoplastic themselves, but the thymus may ex-
ert 2 leukemoyenic action on lymphoid cells
formed in other organs (cf. 61). The thymus
apparently does not, however, affect the de-
velopment of granulocytic leukemia (table V).

Influence of spienectomy

Because the spleen is (nvariably enlerged
and infiltrated with leukemic cells in granulo-
cytic leukemia of the RF mouse (3), as in
myelogenous leukeria of man, the effects of
splenectomy on the induction of this disease
were investigated. Removal of the spleen either
one week before or as late as one month after
irradiation markedly inhil ts the development
of granulocytic leukemia without affecting the
induction of lymphomas (table VI). The
mechanism of these effects remains to be de-
termined. It is conceivable, however, that the
spleen, by virtue of its myelopoietic act.vity in
the mouse, may constitute a2 major source of
leukemic cells in this species On the other
hard, the possibility that the spleen may
elabcrate a diffusible leukemogenic substance

7
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TABLE VI

Influence of splenectomy on susceptibility of RF male mice to levkemia
induction by z-reys

X-ray

Leukemia incidence (%)

I Number of .

d((;s)e Operation mice Myeloid lyg‘gigéga Other

0 None 381 4 3 30
300t None 104 38 16 15
3007 Splenectomy before 92 13 15 15
3003 None 65 54 8 20
300t Splenectomy before 65 22 5 27
3001 Splenectomy after 66 29 8 18
3003 Sham before 658 33 17 22
300% Sham sufter 53 54 8 17

* Qnl,
P

or vham-spl

y (laparotomy) 1 week before or 1 month after irrzdiation.

t Whole body cxposed to 250-kvp x-radiation at 5-6 weeks of age.
3 Whole body exposed o 250-kvp x-radiation st 10 weeks of age.

or may somehow be a favored site for growth
of neoplastic myeloid cells must not be over-
looked. In short, the importance of the spleen
in the development of granulocytic leukemia
should probably be compared with that of the
thymus in the development of lymphomas.

The effects of sham-splenectomy before ir-
ra:{iation on the incidence of b«th myeloid leu-
kemia and iymphoma resemble the action of
cortizone (60) and are for this rz2ason possibly
attributable to surgical stress. Why 2 similar
effect on lymphoma induction was not observed
with splenectomy itself cannot be explained;
however, splenectomy does not affect the devel-
opment of lymphomas in AKR mice (52) or in
irradiated C57BL mice (26).

Other physiologic factors

In addition to the influences already men-
tioned, the activity of the adrenal cortex af-
fects the induztion of lymphoid tumors in mice,
hypercorticism irhibiting and hypocorticism
enhancing lymphc:.a formation (cf. 61). Other
hormones have also been reported to influence
the growth of leukemic cells, but the signifi-
cance of their effects is equivocal (33, 36, 61).

EFFECTS OF EXTRANEQUS AGENTS
Turpentine

Because of its leukocytosis-promoting ac-
tivity, turpentine was administered in conjunc-

8

tion with radiation to determine whether stim-
ulation of granulopoiesis would enhance the
induction of myeloid leukemia. Preliminary
studies disclosed that myeloid hyperplasia in
the marrow and spleen were maximal 7 to 9
days after intramuscular injection of turpen-
tine. Hence, to irradiate the animal at the
peak of heightened granulopoietic activity, ir-
radiation was carried out one week after in-
jection. In addition, animals were irradiated
immediately before injection of turpentine so
that the marrow would be stimulated in the
irradiated state.

The results of this experiment (table VII)
suggest that injection of turpentine before ir-
radiation does not affect the induction of
granulocytic leukemia, but the induction of
lymphoma is enhanced, possibly through stress.
Turpentine given after irradiation, however,
augments the induction of granulocytic leuke-
mia without affecting lymphoma formation.
Although this enhancement is not of high
statistical significance, the increased incidence
of granulocytic leukemia greatly exceeded that
noted in any previous experiment.

The relation between the enhancing action
of turpentine in myeloid leukemogensis and the
role of “promoting™ agents in chemical carcino-
genesis warrants further investigation. It is
conceivable that the action of turpentine com-
bined with the effecis of homeostatic repair
mechanisms to overstimulate proliferation of
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TABLE VII

Action of turpentine on leukem.a induction by z-rays in FF male mice*

X-ray dose and Number Mean age Leukemix incidencel (7)

N R . . - t d' th 1))
material injectedt  of mice a (m::) Myeloid l):rr;i‘;Z}:'(:};a
0 r - saline 67 19.7 9 (=4) 2 (1)
0 r - turpentine 59 18.7 6 (x4) 6 (+4)
300 r - saline 65 14.2 59 (*10) 8 (%)
300 r - turpentine 68 12.8 3 (=10) f (+3)
Turpentine - 300 r 69 14.1 57 (=12) 16 (+5)

*A. C. Upton and F F. Wolff (unpublished data).
t Whole body exposed to 250-kvp x-radiation at 10 weeks of nge

Turpentine, 0.1 ml., ¢r an equal

volume of saline injected intramuscularly 1 weeh before or 1 hour after irradiation

t Incidence adjusted (cf. 35) to correct for intercurrent mortality not sttributable to leuketurs

myelopoietic cells. Neoplasia of these cells
might therefore arise through the same
mechanism as that postulated to induce lym-
phomas in the thymus (28).

Effects of filtrates

The pionesr work of Gross (19) and the con-
firmatory observations that not only lym-
phomas but an increasing variety of other neo-
plasms may be induced by filterable agents
(12) raise the possibility that radiocarcino-
genesis may involve the action of viruses or
related factors.

To determine whether irradiation increases
suscepuibility to the leukemogenic action of

cell-free filtrates of leukemic tissue. adult mice
of the RF strain were injected with filtrates
prepared frem AKR mice bearing transplanted
lymphomas. Because of the observations of
Schwartz et al. (57), filtrates of brain tissue
were used. In each of two experiments (table
VIII), the injection of filtrates from leukemic
AKR mice enhanced the induction of thymic
lymphomas, whereas the injection of filtrates
from normal mice did not do so. Furthermore,
nonirradiated adults were resistant to this ef-
fect. Irradiation in adult life therefure seems
to enhance the susceptibility of mice that are
otherwise susceptikie (13) only in infancy. The
decreased incidence of granulocytic leukemia

TABLE VIII

Enhancement of lymphoma formation in irradiated RF mice by
tnoculation with filtrates of iymphomatous tissue*

X-ray ’ Leukemia incidence§ (%)
dose Filtrate injectedt 0?‘;‘::?:{ Myeloid Lymphoma
(r) leukemia Thymic  Nonthymic Total
0 None 67 4 0 4 4
0 Normal brain 45 2 0 2 2
0 Lymphometous brain 54 2 0 10 i0
450 Tyrode’s soluticn 84 27 4 5 9
450 Normal brain 48 32 6 4 10
40 Lymphomatous brain and
lymphoid tissz2 84 20 11 21 32
450 Lymphomatous brain 83 12 22 19 41

®A. C JUpton and F P Wolff (unpubhshed daia)

t Tissue homogenates from three AKR dorors puooled in Tyrode s solution at 5° C. ard thn centnfuged for 36 minutes at 1,200
2 Z. centrifurzte filterod throogh Selas No. 003 filter with Ercherichia coli under a nezative pressure of 9 mm of He i mi of
fitrate (Bscher.haa ool - free) mmoculated intravenously into each recipient within 1 houe after irradiation

3 Mics 10 weeks old at frmadiation.
f Anabrais at 15 montis after inoculation.
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FIGURE 6

Incidence of leukemia 1in RF male mice exrposed to 450
r of r-rays at 11 weeks of age followed by intravenous
wocilation of cell-free tisgue filtrates. The donor mate-
vwals are as follous O pooled normal AKR brain (table
$'111). 5 pooled lymphomatous AKR brawmn (table VIII),
O pooled bramn [rom irral.icd RF mice developing
granulocytic leukemia (39 mice in trecatment group),
o Tyrode's solution (85 mice 1n treatment group) (A. C.

Upton and F. F. Wolff. unpubhahed data).

in animals of this group (fig. 6), is ascribed
to heavy intercurrent mortality of these mice
from lymphomas.

To ascertain whether fiiterable leukemogenic
agents are also present in radiation-induced
leukemia, we are examining the tissues of ir.
radiated mice developing granulocytic leuke-
mias end lymphornas for such agent.. As yet
we have no conclusive data, but preliminary
results of our initial experiments strongly sug-
gest that leukemogenic filtrates may be ob-
tained from irradiated mice with granulocytic
leukemia (fig. 6).

It is noteworthv that the one filtrate ob-
tained from mice with granulocytic leukemia
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that has been tested thus far enhanced the in-
duction of yranulocytic leukemia only and did
not significantly affect the incidence of lym-
phomas. Specificity was also noted with the
filtrates obtained from lymphomatous AKR
mice (table VIII), and preliminary results sug-
gest specificity for filtrates obtained from ir-
radiated RF mice developing thymic lym-
phomas. The failure of these filtrates to in-
duce neoplasms different from thcse of the
donor type contrasts with the observations of
Gross (20), Stewart et al. (59), Latarjet and
De Jaco (39) and others. It does not, however,
indicate any real conflict, because the oncogenic
effects of the filterable agents reported thus
far have varied widely, depending oa such
factors as the strain of the donor and recipient,

™o
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methods of preparation of the filtrate, number
of transplant generations of the donor neo-
plasm prior to filtration, serial passages of the
agent through brain tissue, and cultivation of
the agent in vitro. Whether the specificity of
the leukomogenic effects of the two types of
filtrates we have observed to date indicates
the existence of two distinctly different types
of agents remains to be determined.

Whether the agents are either free desoxyri-
bonucleic acid (24) or nucleoprotein (40), or of
both types, it is not clear where they come
from, how radiation affects their production,
what role they play in neoplasia, or how con-
sistently they are present in radiation-induced
tumors. Until further information is available,
any one or a combination of three conceivable
mechanisms may he postulated: (1) The agents
are oncogenic viruses of low infectivity, which
invade tl:© animal from its environment after
depression »f its immunologic defenses by ir-
radiation; this would presumably occur only
with relatively large doses of radiation. (2)
The agents exist in the host prior to irradiation
as temperate or latent proviruses and are
activated to a tumorigenic state by radiation;
if this process is comparable to the induction
of lysogenicity in bacteria, it might occur in
response to minute doses of radiation (51).
(8) The agents are fortuitously synthesized
by radiation, through disturbance of normal
nucleic acid formation (23). Elucidation of
this question will require a better understand-
ing of viruses and of the fundamental effects
of radiation on the cell.

SUMMARY

The induction of leukemia by ionizing radia-
tio.» is influenced by many variables, including
radiation intensity, radiation dose, fraction of
the body irradiated, genetic differences in sus-
ceptibility. age at irradiation, sex, and other
physiologic factors.

The influence of these variables on the in-
duction of leukemia varies with the hematologic
type of leukemia induced.

Irradiation increases the susceptibility of
adult mice to filterable leukemogenic agents

AR = _ e e

that, administered after irradiation, enhance
the development of leukemia.

The author is grateful to Dr. A. W. Kimball of the
Mathematics Panel for statistical analysis of data.
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