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It has been reported that the rare earths,
either as chlorides or in elemental form, are
injurious when injected into the skin or sub-
cutis (1, 2). Members of this chemical group
also share the ability to cause conjunctivitis
(3), and Grant and Kern were able to pro-
duce corneal opacities experimentally, pro-
vided the epithelium was removed prior to
exposure to various rare earth metals (4).

The increased industrial and research use
of these elements, as well as their importance
as by-products of atomic fission, makes it
important to learn more about their toxic
potential, since information in this area is
scant. This report describes the appearance of
sarcomas at the site of subcutaneous implan-
tation of the rare earth metals gadolinium
and ytterbium in mice.

Materials and Methods. The gadolinium
and ytterbium pellets were obtained from the
Institute for Atomic Research, Ames Labor-
atory, in the form of smooth surfaced pure
metal spheres (1.5-2.0-mm diam; 200 mg
wt).

Test animals. The mice used for implanta-
tions were weanling CFW Albino mice fed a
commercial diet (Lab-Blox, Allied Mills,
Inc.).

Implantation. Subcutaneous implantations
were performed as follows: Under ether
anesthesia, an area (1.5 cm?®) over the left
hip was clipped and scrubbed with a 1:100
solution of benzalkonium chloride. A blunt
trocar loaded with a pellet of either gadolini-
um or ytterbium metal was inserted through

1 Supported by Atomic Energy Commission, Divi-
sion of Biology and Medicine, Contract AT(11-1)
1170.

a skin incision in an anterior-dorsal direction,
and across the midline, so that the pellet
was deposited immediately dorsal to the
right scapula. This procedure minimized
backward migration of the pellet through the
injection tract. The control mice were sham-
injected. The numbers of mice receiving ei-
ther gadolinium or ytterbium were grouped
according to sex, and are shown along with
the controls, in Table I.

Conventional histopathologic procedures
were followed at necropsy, and Gomori’s tri-
chrome stain (5) was used to verify impres-
sions based on hematoxylin and eosin-stained
sections. The presumptive histologic identifi-
cation of rare earth metal in the tissues was
verified by chemical determinations using the
arsenazo method described by Fritz ef al.
(6).

Results. Of 60 rare-earth implanted female
mice, 4 developed sarcomas at the metal
implantation site. Two of these sarcomas
metastasized to the lungs. Twenty-four addi-
tional neoplasms were also diagnosed in this
group, 22 of which were not associated with
the implantation site. Histologically, 16 of
the 24 neoplasms were diagnosed as mam-
mary carcinomas. None of the 31 sham-
injected female controls developed sarcomas
at the injection site or elsewhere, However,
neoplasms were frequent in tissues other than
at the sham-injection site, with 13 out of a
total of 24 diagnosed as mammary carcino-
mas. In the males, 8 of 58 mice developed
sarcomas at the metal implantation site. Pul-
monary metastases occurred in 2 males. In
addition, 12 of these males developed neo-
plasms in tissues other than at the implanta-

426



SARCOMAS AND RARE EARTH IMPLANTS

427

TABLE T. Neoplasms and Granulomas Developing in CFW Mice Tmplanted with Gadolinium
and Ytterbium.

No. of No. which No. of Inecidence of
No. of Avlifespan metal assce. metasta- spontameous  implantation
mice Sex (months) sarcomas sized neoplasms granulomas

Gadolinium-implanted mice

30 F 13.3 1 0 15 18/30

30 M 13.9 2 0 5 15/30
Sham-implanted (controls)

16 iy 15.3 0 — 13 —

16 M 15.6 0 — 4 —
Ytterbinm-implanted miee

30 F 16.1 3 2 9 12/30

28 M 13.1 Gv 2 7 12/28
Sham-implanted (controls)

15 F 9.7 0 — 8 —

16 M 14.6 0 — 6 —

@ Two additional malignant neoplasms involved both the mammary gland and adjacent im-
plantation site and were classified histologically as mammary gland adenocarcinomas. It was

felt that they probably were spontaneous,

“ Ope additional tumor at the implantation site was classified histologically as a relatively
benign fibroma. It may or may not have been associated with the rare earth metal,

tion site, most of which were bronchial
adenomas. Of 32 control males, 10 developed
neoplasms, with bronchial adenomas again
most frequent. Approximately one-half of the
implanted mice which did not develop sar-
comas at the site of metal deposition had
histological evidence of a foreign-body granu-
lomatous reaction around the rare-earth met-
al residue (Table T).

Histologically, 9 of the sarcomas which de-
veloped at the implantation site had a pat-
tern characteristic of a fibrosarcoma (Fig. 1).
Two had features which suggested possible
leiomyosarcomas, and one was diagnosed as
an osteogenic sarcoma. In every case, metal-
containing macrophages could readily be
visualized, either well within the tumor, or in
its periphery, or both (Fig. 2). The histolog-
ical diagnoses for the spontaneous (presuma-
bly nonrare-earth associated) neoplasms are
given in Table I,

Exact latency periods cannot be given for
the various neoplasms. The time lapse be-
tween metal implantation and the appearance
of breast tumors in two of the ytterbium
implanted females was comparable to that of

sham-injected females which developed mam-
mary carcinomas.

The life spans of both the metal-implanted
and control mice were not judged to be
significantly different. However, the frequen-
cy of deaths due to diseases such as pneu-
monia, hepatitis, and nonmetal-associated ne-
oplasms in both groups makes the life span
data difficult to compare.

Discussion. The results of this exper-
iment leave the question open as to the role
of gadolinium and ytterbium in the develop-
ment of sarcomas at the implantation site.
However, since the appearance of sarcomas
in these mice was restricted to the site of
metal deposition, and since the control mice
failed to develop sarcomas, these metals
definitely must be implicated in the neoplas-
tic process which occurred. The possibility
that an oncogenic agent was present in the
mice whose activity was promoted by an irri-
tant, in this case, the rare earth metal, cannot
be rigorously excluded. On the other hand,
the subcutaneous implantation of plastics
into rats has been followed by the appearance
of sarcomas at the implantation site and
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F1c. 1. Section of a cutaneous fibrosarcoma which developed following ytterbium implantation;
hematoxylin and eosin, X560,

F16. 2. Section of a cutancous fibrosarcoma showing large deposits of residual ytterbium metal in
the lower part of the photograph; hematoxylin and eosin, X 560.

elsewhere (7), and Furst and Haro (8), in a reports of sarcomas induced by injection of
recent review of metal carcinogenesis, de- lanthanide metals were mentioned in the lat-
scribe various reports of induction of sar- ter reference.

comas in rats and mice following the subcu- In an experiment similar to the authors
taneous injection of a number of metals. No Talbot ef al. (2) implanted larger numbers
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TABLE II. Histologic Diagnoses of Spontaneous (presumably nonrare earth associated) Neo-
plasms in Metal-Tmplanted and Control Mice.

No. of
spontaneous
neoplasms

Histologie diagnoses

Gadolinium-implanted mice
Females 15

Mammary earcinoma (9) ; ovarian adenoma (2); bronehial adenoma (2);

vulvar adenoma (1); malignant lymphoma (1).

Males 5

Sham-implanted (controls)
Females 13

Bronehial adenoma (3); hemangioma (liver) (2).

Mammary earcinoma (7); bronehial adenoma (4); ovarian adenoma (1);

salivary gland adenoma (1).

Males 4
1.

Ytterbium-implanted mice
Females 9
1.

Males 7
Sham-implanted (controls)
Females 8
Males 6
(n.

Malignant lymphoma (2); hemangioma (liver) (1); bronchial adenoma

Mammary earcinoma (7); bronehial adenoma (1); malignant Iymphoma

Bronehial adenoma (4); malignant lymphoma (3).

Mammary eareinoma (6); malignant lymphoma (1) ; vulvar adenoma (1).

Bronchial adenoma (4); hemangioma (liver) (1); malignant lymphoma

(714) of C57Bl mice with a number of rare
earth metals and observed a very low inci-
dence (0.4%) of sarcomas at the site of met-
al deposition. Of 41 malignant neoplasms
which developed in the implanted mice, 3 (1
carcinoma and 2 sarcomas) were considered
to be induced by the rare earth metals used
(Y, Pr, and Yb). Talbot et al. used the
criterion of visual observation of metal parti-
cles within the tumor as the basis for classi-
fying the tumor as induced. These investiga-
tors worked with C57Bl mice, a strain report-
edly more resistant to certain neoplasias such
as mammary carcinoma (9). It may be that
the higher incidence of implantation-
associated sarcomas in our studies was due to
our use of the CFW strain, which has a
relatively high susceptibility to mammary
carcinoma. While the authors believe the
presence of metal in the tumor may be evi-
dence implicating the metal as a tumor-
inducing agent, it does not exclude the possi-
bility that the role of the metal is that of a
tumor-promoting agent, favoring the activity
of a primary oncogenic agent.

To our knowledge, this report and that of
Talbot et al. (2) are the only references
which implicate rare earth metals as being
associated with the development of malignant
neoplasia. The oxides, when inhaled, do not
appear to evoke or accelerate pulmonary or
other neoplasia in the mouse or other labora-
tory animals (10). This may be a reflection
of their extremely low solubility at physiolog-
ical pH values.

If rare earth metals should be accepted as
causes (or contributing factors) to neoplasia,
it would support the present questionable
role of metals as carcinogenic agents. In gen-
eral, metals are viewed with skepticism as
carcinogens, although the evidence for chro-
mium, nickel, and the mineral asbestos is
strong. On the other hand, the role of arsenic
as a carcinogenic agent has had a controversi-
al history. If the role of metallic agents is to
unmask latent oncogenic agents in suscepti-
ble strains of experimental animals, it may be
necessary to reevaluate metals as carcino-
gens,

Summary. Subcutaneous implantation of
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118 CFW mice with the rare earth metals
gadolinium and ytterbium was followed by
the development of sarcomas at the implanta-
tion site in 12 (10.2%) of the treated mice.
Pulmonary metastases occurred in 4 of the 12
cases. Comparable sarcomas did not occur in
sham-injected control mice, nor were they
encountered at sites other than implantation
and metastasis. These results do not indicate
the associative mechanism, but it would ap-
pear that these metals induce sarcomas or
promote their formation by uncovering latent
oncogenic factors.
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