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Bone Resorption Restored in Osteopetrotic Mice by Transplants
of Normal Bone Marrow and Spleen Cells

Abstract. Capacity to resorb bone and calcified cartilage was restored permanently in
mice with inherited osteopetrosis by the intravenous administration of cell suspensions
prepared from spleen and bone marrow of normal littermates. Beginning near active
growth plates as early as 2 weeks after transplantation, replacement of the abnormal
spongiosa continued until medullary cavities were fully expanded.

Capacity to resorb bone and calcified
cartilage has been restored in mice (/) and
rats (2) with inherited osteopetrosis
through establishment of a cross-circula-
tion between the affected animal and one
of its normal littermates. A parabiotic
union of only 1 or 2 weeks duration is long
enough to initiate recovery, which
progresses to completion and remains per-

manent after the cross-circulation is sev-
ered (3). Migratory cells representing pre-
cursors of competent osteoclasts or the
source of a humoral factor essential to os-
teoclastic function were thought to me-
diate the recovery. In the investigation re-
ported here sources of the therapeutically
effective cells have been found in the nor-
mal bone marrow and spleen which, when

Fig. 1. (A to C) Radiograms (x 2) of normal control (A), osteopetrotic control (B), and os-
teopetrotic experimental (C) mice as seen at 3 months of age. At 45 days of age the experimental
mouse (C) received whole body irradiation at a dosage of 600 rads, followed within 1 hour by an in-
travenous injection of 50 million spleen cells obtained from a normal littermate. Removal of calci-
fied cartilage and bone has created zones of radiolucence in the subepiphyseal regions of the distal
femur and proximal tibia, as indicated by arrows in (C). (D to F) Photomicrographs (x 30) of
hematoxylin and eosin-stained sections of the proximal third of the tibia of normal control (D), os-
teopetrotic control (E), and experimental (F) mice at 1 month of age. At 10 days of age the experi-
mental mouse (E) received an infusion of 23 million normal spleen cells within 2 hours after lethal ir-
radiation. Replacement of the abnormal spongework of calcified cartilage and bone by hemato-
poietic tissue took place during the third week after administration of the transplant.

784

infused into lethally irradiated os-
teopetrotic littermates, permanently re-
stored capacity to resorb skeletal matrix.

The mice used in this investigation were
derived from heterozygous grey-lethal (g//
+) and microphthalmic (mi/+) breeders
originally provided by the Jackson Labo-
ratory. The microphthalmic mutant gene
was crossed to the C57Bl1/6J inbred strain.
Both stocks have been inbred for over 20
generations. Nevertheless, reciprocal skin
grafting tests indicated that neither stock
was syngeneic. Therefore, consistently suc-
cessful adoptive transfer experimentation
required use of whole body irradiation at
lethal dosages, which were determined to
be 600 rads for osteopetrotic mice and 900
rads for normal mice. Radiation was ad-
ministered from a cobalt-60 source to
recipients within 2 hours before trans-
plantation. The transplants were cell in-
fusions prepared from the bone marrow
(femora and tibiae) and spleen of normal
littermates. Dispersal of the bone marrow
cells was readily accomplished by repeated
passage of the tissue through disposable
hypodermic needles graded from 26 to 30
gauge. The spleen was minced with scissors
before injection through the needles. Each
sample was suspended in 100 to 200 ul of
Hanks balanced salt solution and injected
into the transverse facial vein of anesthe-
tized recipients. As precautions against
hemorrhage, anticoagulants were not used
and the site of injection was tied off before
removal of the needle. According to counts
made on portions of each infusion, the
number of nucleated cells delivered varied
from 10 million to 25 million for bone
marrow and 20 million to 50 million for
spleen.

The influence of the myeloid cell in-
fusions was examined in three different
groups of mutants, which varied with re-
spect to ages at onset and termination of
the experiment. An infantile group includ-
ed 11 grey-lethal (g//gl) and 13 microph-
thalmic (mi/mi) mice, which were 10 to
12 days of age at onset and 30 to 42 days of
age at termination; a juvenile group includ-
ed 20 mi/mi mice, 20 to 25 days at onset
and 110 to 115 days at termination; an
adult group consisted of 18 mi/mi mice, 40
to 45 days at onset and 180 to 182 days at
termination. In each series the number of
mutants receiving bone marrow was nearly
the same as the number given spleen cell
infusions, and in most cases recipients were
of the same sex as donors. Into each series
the following controls were incorporated:
(i) 12 normal mice that received normal
bone marrow or spleen cells after whole
body irradiation at 600 or 900 rads, (ii) 6
osteopetrotic mice that received cell in-
fusions in the absence of radiation, (iii) 5
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untreated normal mice, and (iv) 5 un-
treated osteopetrotic mice. Mice were
housed in a constant-temperature room
and fed a modified McCollum’s I diet (4)
both dry and wet.

During the observation period the body
weight of each animal was measured twice
a week; a tibial amputation was made at 2,
4, or 6 weeks after onset; and radiograms
were made every 4 to 6 weeks. At autopsy
several tissues were prepared for histologic
examination, including bones (tibia, femur,
and mandible) and lymphatic organs
(spleen, lymph nodes, and thymus).

The normal bone marrow and spleen cell
infusions restored capacity to resorb bone
and calcified cartilage in all of the irra-
diated osteopetrotic recipients. The young-
er the recipient, the more rapid the rate of
removal of skeletal matrix. Histologically,
the earliest changes were detected 2 weeks
after onset when an increase in mono-
nuclear leukocytes was noted extravascu-
larly along the vascular channels in the
proximal third of the tibia. In the younger
~group of experimental mice, most of the
excess bone and cartilage was removed
from the long bones during the third and
fourth weeks after onset. Figure IF illus-
trates the proximal tibia of a grey-lethal
“mouse 30 days of age, which at 10 days of
age received an infusion of normal spleen
cells. The medullary cavity is fully ex-
panded and filled with active hemato-
poietic tissue; the flare along the medial
border is pronounced and the cortex is
moderately well developed. These signs of
recovery are appreciated more readily
through comparison of the proximal tibia
of the experimental mouse (Fig. 1F) with
those of the untreated osteopetrotic (Fig.
1E) and normal (Fig. 1D) controls.

Mutants treated at the older ages re-
quired disproportionately more time to re-
move all of the excess matrix. Thus, the ju-
venile group of mutants required 6 to 9
weeks to make a complete recovery and
the adult group required 12 to 24 weeks.
The slower recovery rate of the older mu-
tants may be accounted for by the in-
creased extent and density of the spongiosa
and the fact that fewer growth centers par-
ticipated in the recovery. Radiologically,
the first signs of recovery in the adult
group of mutants were noted 6 weeks after
onset, when well-defined zones of radio-
lucence appeared under the growth plates
at the following sites: proximal humerus,
iliac crest, distal femur, and proximal tibia.
As the abnormal accumulations of calci-
fied cartilage and bone were resorbed these
zones of radiolucence extended along the
length of the diaphysis until the expansion
of the medullary cavity was complete. De-
tection of the subepiphyseal radiolucent
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zones in radiograms is facilitated by com-
paring the proximal tibia and distal femur
of the experimental animal (Fig. 1C) with
those of the untreated osteopetrotic (Fig.
1B) and normal (Fig. 1A) controls.
Examination of the skeletal and lymph-
oid tissues of the controls helped to estab-
lish that the mutants were immuno-
logically competent and that neither radio-
logic damage nor graft-versus-host (GVH)
disease played a direct role in the restora-
tion of the capacity to resorb skeletal tis-
sues. Osteopetrotic mice which received
normal bone marrow or spleen cells in the
absence of radiation never developed bone
resorptive activity, which indicates that the
donor cells had been destroyed. Irradiated
normal mice receiving spleen or marrow
cell infusions from normal littermates re-
covered uneventfully without manifesting
the osteoporotic changes of GVH disease
(5). In all of the control and experimental
mice histologic examination of spleen and

lymph nodes revealed the presence of well-
developed thymus-dependent zones. Final-
ly, unlike the mice with GVH disease,
which are subject to progressive wasting,
the experimental animals of the present
study maintained about the same rate of
body weight gain and skeletal growth after
irradiation and transplantation as before.

The reversal of osteopetrosis in mice
through bone marrow transplantation pro-
vides a new rationale for treatment of Al-
bers-Schénberg marble bone disease in
man.

DoONALD G. WALKER
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Spleen Cells Transmit Osteopetrosis in Mice

Abstract. Osteopetrosis was induced in lethally irradiated, normal mice of grey-lethal
and microphthalmic stocks by cell infusions prepared from the spleens of osteopetrotic
littermates. Failure of skeletal remodeling became evident within a few weeks after trans-
plantation as calcified cartilage and bone accumulated excessively in the active meta-

abnormal osteoclasts.

Bone resorption has been restored in os-
teopetrotic mice through parabiotic union
of mutants and normal littermates and by
the intravenous infusion of normal marrow
and spleen cells into lethally irradiated mu-
tants (/). Recovery from osteopetrosis was
thought to be mediated by cells which had
migrated via the bloodstream from their
sites of origin in the hematopoietic tissues
to the ossification centers, where they gave
rise to a new population of competent os-
teoclasts or to cells that stimulate os-
teoclastic activity (2). The objective of the
experiment reported here was to determine
if the same mechanism would function in
the reciprocal situation, with the os-
teopetrotic specimen serving as donor and
the irradiated normal littermate as
recipient in spleen cell transplantations.
The osteopetrotic spleen cell infusions re-
stored hematopoiesis but arrested skeletal
remodeling, thus providing decisive evi-
dence that bone resorption is under the di-
rect control of the hematopoietic centers.

Weanling mice of grey-lethal (g//g/) and
microphthalmic (mi/mi) stock were dis-
tributed into four groups, 20 mice per
group, identified as follows: (i) experimen-
tal splenic transplants, lethally irradiated
normal mice that received spleen cell in-

physes of the long bones. The massive lesions produced were extensively infiltrated with

fusions from their osteopetrotic litter-
mates; (ii) control splenic transplants, le-
thally irradiated normal mice that received
spleen cell infusions from other normal lit-
termates; (iii) untreated osteopetrotic con-
trols; and (iv) untreated normal controls.
Females and males were represented near-
ly equally in the above groups, and in most
instances donors were of the same sex as
recipients. About two-thirds of the mice in
each group were obtained from microph-
thalmic stocks and one third from grey-le-
thal stocks.

Within 2 hours before infusion of cells,
recipients were exposed to whole body ir-
radiation at a dosage of 900 rads from a
cobalt-60 source. Without anticoagulant,
the thoroughly dispersed cells were admin-
istered via the transverse facial vein. As de-
termined by a standard leukocyte counting
procedure, the number of nucleated cells
per injection ranged from 20 million to 40
million. For the first week after irradiation
tetracycline and milk were given by stom-
ach tube once a day. Thereafter the anti-
biotic was added to the drinking water and
McCollum’s diet I (3) was provided as a
dry powder and wet mash. To monitor
skeletal changes a tibia was obtained by
hind limb amputation at 1 or 2 months af-
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