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Oncogenicity by Methyl 
Methanesulfonate in Male RF Mice 

Abstract. The incidences of lung 
tumors and thymic lymphomas were 
increased in young adult male RF mice 
receiving 30 milligrams of methyl meth- 
anesulfonate per kilogram of body 
weight daily in the drinking water 
throughout life. Differences in onco- 
genicity between treatment with methyl 
methanesulfonate and with dimethylni- 
trosamine or diethylnitrosamine suggest 
a qualitative difference between the site 
(or sites) of alkylation by methyl meth- 
anesulfonate and by dimethylnitrosa- 
mine or diethylnitrosamine within the 
nucleic acids. 

The mutagenic and carcinogenic ac- 
tion of alkylating agents has been partly 
attributed to alkylation of nucleic acids, 
which results in an altered cellular ge- 
nome (1, 2). Diethylnitrosamine (DEN) 
and dimethylnitrosamine (DMN), po- 
tent carcinogens in various animal spe- 
cies (3, 4), alkylate nucleic acids, espe- 
cially at the 7-position of guanine (5). 
Methyl methanesulfonate (MMS) is re- 
portedly as effective as DMN in alkyl- 
ating DNA and RNA (2); it also meth- 
ylates at the 7-position of guanine in 
bacteriophages (6). No reports, how- 
ever, incriminate MMS as a carcinogen; 
repeated doses have been given to male 
rats for study of the effect on fertility 
(7, 8), but even after prolonged treats 
ment no tumors were observed (9). We 
now report demonstration of an onco- 
genic effect by MMS on lung and 
thymus in mice. 

Sixty-three 11-weeks-old male mice 
from a noninbred subline of the RF/Un 
strain were given MMS (8) for life in 
drinking water at 20 mg/ 100 ml. Fresh 
drinking solutions were prepared daily, 
and the water consumption per cage 
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milligrams per kilogram of body weight. 
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Groups each of four mice were killed 
and necropsied after 3, 6, 9, and 12 
months of treatment; the remainder 
were necropsied at death or killed when 
in a moribund condition, and tissues 
from all major organs were examined 
histologically. A group of 162 un- 
treated RF male mice, handled simi- 
larly, served as controls. 

Of the 47 treated mice allowed to 
die, 70.2 percent had primary pul- 
monary tumors, compared to 38.9 per- 
cent of 162 controls (Table 1). The 
mean age at death of mice with lung 
tumors was slightly less in the treated 
group than in the control group: 19.7 
versus 22.0 months. In the 28 mice ex- 
amined histologically, the incidence 
was 82 percent, suggesting that the 
overall incidence would have been even 
higher if lung tissue from all mice had 
been examined microscopically. The 
tumors were adenomas morphologically 
indistinguishable from those observed 
either of spontaneous origin or after 
treatment with DEN (3) or DMN (4). 

Thymic lymphomas developed in 
14.9 percent of the treated mice and in 
3.7 percent of the controls (Table 1); 
these neoplasms originated in the thy- 
mus, infiltrated locally into the lungs 
and heart, and then spread throughout 
the body. The disease process appeared 
identical in treated and untreated mice, 
with mean ages at death of 17.3 and 
15.4 months, respectively. Myeloid leu- 
kemia was not observed in the mice 
treated with MMS but was diagnosed in 
4.3 percent of the controls. Other types 
of leukemias and lymphomas were pre- 
dominantly reticulum-cell sarcomas in 
both treated and control mice, the over- 
all incidences being 44.7 and 60.5 per- 
cent, respectively; the incidences were 
not different when adjusted for differ- 
ences in survival time. Other pathologi- 
cal changes in the treated mice did 
not differ from those in the controls. 

Mice receiving MMS showed no 
gain in weight, in contrast with the 
controls whose mean weight increased 
from 35 g at 11 weeks of age to 43 
g at 43 weeks. Although the calculated 
daily dose levels of MMS were from 
five to 30 times the sublethal levels of 
DEN and DMN, respectively (3, 4), 
the mean survival time of treated mice 
(18.4 months) was not greatly different 
from that of the controls (20.5 months). 
On the basis of the mean survival time, 
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Table 1. Observed incidences (percentages) 
of neoplasms in 47 male RF mice treated 
daily with methyl metVanesulfonate (MMS) 
at 30 mg/kg in the drinking water; controls 
numbered 162. "Other" leukemias were pri- 
marily reticulum-cell sarcomas. 

Treatment 
Item 

MMS None 

Tumor sites 
Lung 70.2 38.9 
Liver 4.2 3.7 
Stomach 2.1 0 

Leukemias 
Thymic lymphoma 14.9 3.7 
Myeloid 0 4.3 
Other 44.7 60.5 
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7-position of guanine in both RNA and 
DNA after administration of MMS 
(10), as after DMN or DEN (1, 2, 5). 
The fact that levels of methylated 
guanine in rat kidney after administra- 
tion of MMS are comparable to those 
following nitrosomethylurea or DMN 
(11) suggests that the precise location 
or grouping of the alkylation, along 
the nucleic acid chain, may be impor- 
tant. The significance of alkylation of 
proteins or of bases other than guanine 
in the oncogenic process is unknown; 
however, the 1- and 3-positions of the 
imidazole ring of histidine amino acid 
residue are principal sites of reaction 
with DMN (12), whereas MMS reacts 
with the sulfhydryl group of cysteine, 
with no detected reaction with the 
histidine side chain (13). 

If one measures by induction of lung 
tumors, MMS is slightly more effective 
than DEN (3) but less so than DMN 
(4). While DEN and DMN fail to 
induce leukemia (3, 4), MMS is leu- 
kemogenic, resembling x-rays (14, 15) 
and nitrogen mustard (HN2), trieth- 
ylene melamine, and myleran (14-16), 
all of which induce thymic lymphomas. 
The fact that MMS fails to reduce the 
latent period for lung tumors and 
thymic lymphomas suggests that car- 
cinogen-screening programs require ob- 
servation periods sufficiently long for 
detection of late-occurring as well as 
early tumors. 
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Migratory Animals as Dispersal 

Agents of Cultural Materials 

Abstract. Migratory animals (such as 
waterfowl, fish, whales, and seals) and 
large land animals (such as deer, ele- 
phant, bear, and cattle) that were hunted 
for food by aboriginal peoples may be 
struck, but not killed, by projectile 
weapons which remain imbedded in the 
body. Individuals which survive may 
be killed elsewhere, and the projectile 
weapon tips may be recovered. Num- 
erous instances are cited. Such exotic 
artifacts can be mistakenly attributed to 
cultural contact between distant human 
groups unless archeologists are aware 
of this special kind of dijfusion process. 

A possible means of noncultural dif- 
fusion of certain kinds of artifacts to 
distant areas is by migratory animals 
carrying such items imbedded in their 
bodies. A parallel in biology is the trans- 
port of viable algae and seeds by migra- 
tory water birds. Transport by floating 
objects (such as derelict boats, planks, 
or masts) with iron imbedded or at- 
tached, from which people with no ex- 
perience working with metal secured 
iron, or dense stones used to make cut- 
ting tools and recovered by occupants 
of coral islands from the root net of 
drift trees (1), represent adventitious 
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taken as proof of contact through tra- 
vel or trade between the areas and 
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peoples concerned. Large mammals, 
not surprisingly, can receive a spear or 
dart which does not cause death and 
whose point (or at times the whole 
shaft) may remain imbedded and may 
be carried until the animal's death. In- 
ferences on the migrations of oceanic 
whales and the existence of the North- 
east Passage before it was traversed by 
Europeans were derived from harpoons 
found in whales' bodies in the 17th and 
18th centuries by oceanic voyagers (2). 
Aboriginal harpoons found in whales' 
tissues were also recorded by 19th-cen- 
tury European sailors (3); in earlier 
times such spent weapon points re- 
covered from killed or stranded whales 
could have served as models. The St. 
Lawrence Island Eskimos are reported 
to believe that weapon tips found in this 
way possess magical properties, and 
they keep the tips as charms of great 
value and potency (4). Harpoons are 
still being found in the bodies of 
stranded whales (5). 

There have frequently been reported 
migratory waterfowl that carried weap- 
ons from the locality where they were 
hunted to distant places. A notable ex- 
ample is that of two honey buzzards 
(Pernis apivorus), shot in Finland in 
1894 and 1900, each of which was 
found to have sticking in a wing a 
wooden arrow identifiable as having 
been made by the Pangwe tribe of 
southwestern Cameroon (6)0 Ducks, 
brants, and swans that carried Eskimo 
bone arrowheads have been killed in 
California, Indiana, North Carolina, 
and Nebraska (7). Eskimo toggle har- 
poons, such as the one found in an 
archeological site in Iowa (8), or some 
of the barbed bone projectile points 
from the exposed strands of the now- 
desiccating Pyramid Lake in Nevada 
(9) may have been introduced by mi- 
gratory waterfowl wounded in Alaska. 

Other animals which when killed and 
butchered have been found to bear 
imbedded weapon points are deer, 
grizzly bears, hogs, cattle, and seals 
(10). Among the most ancient finds of 
this sort are the weapon tips penetrating 
reindeer bones in the Upper Paleolithic 
(Magdalenian) site of Stellmoor, Ger- 
many (11), and seal skeletons from the 
Mesolithic period found on raised 
beaches in Finland (12). 

Fish may serve as disseminators of 
items such as spear tips and hooks in 
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the unusual C-shaped shell fishhooks 
of the Santa Barbara region may have 

much the same way that large sea and 
land mammals do (13). It has been 
suggested and discussed at length that 
the unusual C-shaped shell fishhooks 
of the Santa Barbara region may have 

been introduced there by live tuna 
migrating from the western Pacific and 
arriving on the California coast with 
such hooks snagged in their mouths 
(14). Fish are also recorded as carrying 
artifacts such as a knife and scissors in 
the stomach (15). An instance of a 
South American rhea with three stone 
artifacts (two axes and a hammer) as 
gizzard stones that were swallowed at 
some distance from where it was killed 
is parallel (16). 

Live elephants also carry imbedded 
weapons that are found when they are 
killed and butchered. (17). Since these 
animals live as long as 100 years and 
are migratory over distances of many 
hundreds of miles, one wonders whether 
the mammoths of terminal Pleistocene 
times, found in North America asso- 
ciated with flint projectile points, might 
not be late-surviving, repeatedly at- 
tacked individuals that were carrying 
weapon tips acquired over a span of 
several scores of years in quite different 
localities. Several mammoth skeletons 
have been associated with numbers of 
flint projectile points (18), and the 
pieces in each of these lots vary some- 
what in size, form, and material. 
Krieger (19) has called attention to the 
use of nonlocal stone for projectile 
points in some Early Man kill sites, and 
he suggests that this may indicate far- 
ranging procurement of implement ma- 
terial by the hunting group. This may 
be true, but the alternative possibility, 
that points made of flints which occur 
at some distance away may have been 
acquired from the bodies of killed ani- 
mals, may be worth considering. 

Paleo-Indians (also called Big Game 
Hunters) in the New World (20) are 
usually assumed to have been free- 
ranging, nomadic hunters, but they may, 
for all we know, have been seasonally 
settled foragers occupying specific ter- 
ritories. Petrographical and typological 
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