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Abstract
Introduction—Bone marrow targeted drug delivery systems appear to offer a promising strategy
for advancing diagnostic, protective, and/or therapeutic medicine for the hematopoietic system.
Liposome technology can provide a drug delivery system with high bone marrow targeting that is
mediated by specific phagocytosis in bone marrow.

Area covered—This review focuses on a bone marrow specific liposome formulation labeled
with technetium-99m (99mTc). Interspecies differences in bone marrow distribution of the bone
marrow targeted formulation are emphasized. This review provides a liposome technology to
target bone marrow. In addition, the selection of proper species for the investigation of bone
marrow targeting is suggested.

Expert opinion—It can be speculated that the bone marrow macrophages have a role in the
delivery of lipids to the bone marrow as a source of energy and for membrane biosynthesis or in
the delivery of fat soluble vitamins for hematopoiesis. This homeostatic system offers a potent
pathway to deliver drugs selectively into bone marrow tissues from blood. High selectivity of the
present BMT-liposome formulation for bone marrow suggests the presence of an active and
specific mechanism, but specific factors affecting the uptake of the bone marrow MPS are still
unknown. Further investigation of this mechanism will increase our understanding of factors
required for effective transport of agents to the bone marrow, and may provide an efficient system
for bone marrow delivery for therapeutic purposes.
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1. Introduction
Bone marrow is an important hematopoietic organ. Conventional delivery of drugs to bone
marrow is based on the administration of large doses of drug that are frequently associated
with side effects. Development of effective targeted bone marrow drug delivery systems is
an important goal for development of diagnostic, protective, and/or therapeutic agents for
hematopoietic disorders and infectious diseases in which colonizing pathogens are difficult
to eradicate. In addition, bone marrow-targeted carriers may be useful to deliver
hematopoiesis-stimulating agents into bone marrow tissues to advance research into
hematopoietic functions.

Engineered colloidal particles such as liposomes and other nanoparticles have been
advanced as carriers for drug delivery. Numerous reports have indicated that the
mononuclear phagocyte system (MPS), consisting of mononuclear cells such as
macrophages in liver and spleen, are the primary uptake site for intravenously injected
particles [1,2]. It has been demonstrated that several factors such as particle size and surface
modification influence the uptake of particles by the MPS [3–5]. Similarly, bioparticles such
as aged blood cells and lipoproteins are removed from the blood circulation through the
MPS. Macrophages with access to the circulating blood have been reported to reside in the
liver, spleen, and bone marrow [6]. These MPS organs have sinusoids with a fenestrated
endothelium with associated macrophages that monitor blood circulation through the
sinusoidal pores between vascular endothelial cells. Macrophages express several types of
receptors on their surface for the uptake of specific bioparticles [7–9]. This specific system
is a potent target for tissue-selective drug delivery using nanoparticles.

In comparison with liver and spleen, very little attention has been paid to bone marrow as
part of the MPS because its contribution to the MPS is generally much less than that of the
liver and spleen in vivo. However, recent studies showed that the bone marrow could be the
main organ to have specific uptake of surface modified liposomes [10,11]. These liposomes
are expected to serve as drug carriers to deliver drugs specifically into bone marrow. During
these bone marrow targeting studies, we found that it is important to understand the
biodistribution of the liposomes in multiple species. We have confirmed that the bone
marrow has high uptake of our surface modified liposomes in rabbits and rhesus monkeys.
On the other hand, surprisingly, in mice and rats, these same liposomes are mainly captured
in the liver and spleen, with a lower amount being taken up in bone marrow. This may be
one reason why very little attention has been paid to bone marrow as part of the MPS. In this
article, we will compare the biodistribution of the bone marrow-targeted liposomes (BMT-
liposomes) in several species.

2. Macrophage targeting with nanoparticles
Macrophages, which are produced by the differentiation of monocytes from stem cell
precursors located in the bone marrow, are heterogeneous populations existing in various
tissues and organs. These macrophages are distributed in liver (Kupffer cells), spleen
(splenic macrophages), bone marrow (bone marrow macrophages), blood (monocytes), lung
(alveolus macrophages), bone (osteoclasts), brain (microglia), lymph node, thymus, and
abdominal cavity to be responsible for numerous metabolic, immunological, and
inflammatory processes in physiological and pathological conditions. The therapeutic
potential of macrophage targeting includes metabolic diseases [12,13], bacterial and
parasitic infection diseases [14–16], viral infectious diseases [17,18], inflammatory diseases
[19], and atherosclerosis [20–22].

The phagocytic ability of macrophages contributes to the active targeting of nanoparticulate
carriers to macrophages by a simple phagocytic uptake process. Furthermore, the surface
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modification of the nanoparticles with a targeting ligand that mediates their recognition by
specific receptors present on the macrophage membrane allows for specific macrophage
targeting. Mannose receptor on macrophages is a pivotal receptor to target macrophages
with nanoparticles modified with mannose, in which the nanoparticles modified with
mannose are highly captured by the macrophages via mannose receptor mediated
phagocytosis [23–30]. Several types of nanoparticles such as liposomes [23–25], polymeric
nanoparticles [26,27], and quantum dots [28] that are modified with mannose have been
tested to deliver diagnostic or therapeutic agents to macrophages. Other known receptors to
target macrophages with nanoparticle systems are galactose receptor [31,32], scavenger
receptor A [33,34], scavenger receptor B (CD36) [35], folate receptor [36–38], and nicotinic
acetylcholine receptor [19]. Because these receptors are commonly expressed on
macrophages in various tissue and organs, it is still a challenge to target macrophages in
specific tissues and organs through systemic administration. As specific receptors, folate
receptor is induced during macrophage activation and can be used to target drugs to
activated macrophages [37].

3. Uptake of particles by bone marrow phagocytes
The total blood cell production rate in adult human bone marrow is about 4.9×1011 cells per
day or about 88 kg per year [39,40]. From the viewpoint of material balance for cell
turnover, it is reasonable to speculate that the bone marrow extensively acquires materials
from the blood for hematopoiesis.

Chylomicrons are large lipoprotein particles that consist of triglycerides, phospholipids,
cholesterol, and proteins. Hussain and co-workers have reported that rabbit and marmoset
bone marrow had significant uptake of chylomicrons labeled with [14C]cholesterol and [3H]
retinol [41,42]. Perisinusoidal macrophages protruding through the endothelial cells into the
marrow sinuses were responsible for the accumulation of the chylomicrons in the marmoset
bone marrow. In contrast to marmosets, chylomicron clearance from the bone marrow of
rats, guinea pigs, and dogs was much less, and the spleen in rats and guinea pigs took up a
large fraction of chylomicrons. Thus, Hussain et al. concluded that the observed differences
in chylomicron metabolism are due to the presence of perisinusoidal macrophages in bone
marrow. It was also believed that the differences between bone marrow and spleen uptake of
chylomicrons may provide insights into the role of chylomicron catabolism in these organs,
both of which are involved in hematopoiesis. It was speculated that the chylomicrons may
have a role in the delivery of lipids to the bone marrow and spleen as a source of energy and
for membrane biosynthesis or in the delivery of fat soluble vitamins.

In general, it is believed that aged blood cells are cleared by the liver and spleen. However,
recent evidence from several sources indicates that the bone marrow is a significant site for
clearance of apoptotic neutrophils [43,44]. The high uptake of white blood cells in bone
marrow can also be observed in humans following administration of indium-111
radiolabeled white blood cells that are routinely administered to humans for detection of
occult infection (Figure 1). Whole body region-of-interest analysis frequently finds that 60–
70% of the administered white blood cells localize to bone marrow while 30–40% localizes
to liver and spleen. Interestingly, the uptake of apoptotic neutrophils by bone marrow
macrophages has been shown to stimulate the production of granulocyte-colony stimulating
factor. Also, bone marrow macrophages, associated with erythroblasts in a hematopoietic
environment, participate in erythropoiesis control, and engulfment of nuclei from erythroid
precursor cells [45–47]. Recently, Winkler and co-workers reported that the bone marrow
macrophages are pivotal to maintain the endosteal hematopoietic stem cell niche and that the
loss of such macrophages leads to the egress of hematopoietic stem cells into the blood [48].
They administrated clodronate-loaded liposomes intravenously to deplete the bone marrow
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macrophages. After depletion of the macrophages, hematopoietic stem cells were found in
the blood. These findings provide evidence supporting the critical role that macrophages
play in the support of hematopoietic cells in bone marrow. Such specific biology of bone
marrow macrophages may offer a therapeutic target for the treatment of hematopoietic
disorders.

As for the engineered colloidal particles, Porter and co-workers observed significant
accumulation of small colloidal particulates (150 nm and below, in diameter) that were
coated by the block co-polymer poloxamer-407, a non-ionic surfactant, in the bone marrow
after intravenous administration in rabbits [49]. In this case, the coated colloids were
sequestered by the sinusoidal endothelial cells of the bone marrow instead of macrophages.
Importantly, significant uptake could not be achieved with other block co-polymers of
similar structure to poloxamer-407, suggesting the participation of a specific interaction
mechanism between the particle and the sinusoidal endothelial cell surface.

Schettini and co-workers prepared a novel liposomal formulation of meglumine antimoniate,
a drug used for treating leishmaniasis, to deliver the drug to the bone marrow [50]. The
liposomes were made from distearoylphosphatidylcholine (DSPC), cholesterol and
dicetylphosphate (molar ratio of 5:4:1). The targeting of antimony to the bone marrow was
improved (approximately three-fold) with the small liposomal formulation as compared to
the large liposome formulation used in dogs with visceral leishmaniasis. These liposomes
had no active targeting factor to bone marrow but the passive targeting of the liposomes to
the bone marrow of dogs was improved by the reduction of vesicle size from 1200 nm to
400 nm. Recently, other nanoparticles such as guanidinium group-modified nanoparticles
and cationic nanoparticles were tested as carriers of oligopeptide and siRNA to deliver the
therapeutic agents into bone marrow cells [51,52].

Moghimi and co-workers have reviewed the clearance mechanism of particulate materials
from the circulation by bone marrow [49,53]. The endothelium of bone marrow sinusoids is
capable of removing particles from the circulation by both transcellular and intercellular
routes. The transcellular route occurs through the fenestrate in the endothelial wall, therefore
this mechanism is strongly dependent on particle size. The size of the fenestrate was
reported to range from 85–150 nm [54]. Liposomes consisting of DSPC, cholesterol, PEG
(5000)-DSPE and α-tocopherol and prepared in various sizes (136–318 nm in diameter)
have been tested for organ distribution in rabbits, and none of these liposomes show a
significant accumulation in bone marrow [4].

The intercellular route is triggered by the interaction of particles with endothelium and the
importance of this route should be strongly dependent on the surface characteristics of the
particles. To study the interaction between liposomes and macrophages, in vitro cultured cell
systems have been used. It has been demonstrated that one of the critical components is a
negatively charged phospholipid such as phosphatidylserine (PS), phosphatidylinositol (PI),
phosphatidic acid (PA), or phosphatidylglycerol (PG), which are recognized by the
scavenger receptors on the surface of macrophages [55,56]. Scavenger receptors widely
recognize and take up macromolecules having a negative charge as well as modified low-
density lipoprotein. Szabó and co-workers investigated the uptake of branched polypeptides
by bone marrow culture-derived murine macrophages. They indicated that the succinylation
of branched polypeptides significantly enhanced the uptake by macrophages, and the uptake
was inhibited by blocking of the class-A scavenger receptors [57]. Also, enhanced uptake of
succinylated proteins has been investigated in cultured brain microvessel endothelial cells
[58]. Endothelial cells also express the scavenger receptor on their surface. Large
succinylated proteins such as catalase (Mw 227 kDa) and bovine serum albumin (Mw 70
kDa) were taken up by the cells via a scavenger receptor-mediated mechanism. These in
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vitro studies indicate that succinylation of large molecules is involved in the uptake via a
scavenger receptor-mediated mechanism. However, the scavenger receptors are present not
only on bone marrow macrophages but also on hepatic Kupffer cells, splenic macrophages,
and endothelial cells. Further studies, including species specific associations, are needed to
clarify the mechanism for the selectivity of bone marrow macrophages in different organs.

Other possible mechanisms of liposome recognition by phagocytic cells may occur via
binding plasma proteins. Several types of proteins such as immunoglobulins, complement
proteins, apolipoproteins, fetuin, von Willebrand factor, and thrombospondin have been
identified as ligands for the macrophage, and these binding proteins are known to accelerate
uptake by hepatic Kupffer cells [59]. Hematopoietic factors such as erythropoietin, and iron
transporting transferrin have been suggested as possible serum proteins that could provide
specificity for bone marrow.

4. Bone marrow-targeted liposomes (BMT-liposomes)
During research carried out by the authors, liposomes with high bone marrow uptake were
serendipitously discovered during the development of cell-based artificial oxygen carriers
which are phospholipid vesicles (liposomes) encapsulating hemoglobin (Hemoglobin-
vesicles, HbV) [60–62]. Because HbV were developed to be infused at tremendously large
doses as a red blood cell substitute, their size and lipid components are unique compared
with the typical liposome drug carriers which are below 200 nm in diameter and are
modified with dense PEG layer (5–10 mol%) for long circulation, so-called stealth
liposomes. Though HbV are 250 nm in diameter and modified with only 0.3mol% PEG-
lipid, technetium-99m (99mTc) labeled HbV are retained in circulation for fairly long time
periods in rats (t1/2; 34.8hr) and rabbits (t1/2; 62.6hr) at large infusion doses (680 mg/kg)
[63]. HbV labeled with 125I or 3H-cholesterol also have similar circulation half-lives [64].
During circulation, HbV are gradually taken up by the liver, spleen, and bone marrow
without obvious organ selectivity [63–65].

On the other hand, when we injected 99mTc labeled HbV at small dose (15mg/kg) in the
rabbit, gamma camera images demonstrated significant uptake of radiolabeled HbV in the
bone regions of the rabbit. Because the bone marrow selective distribution was not obvious
when administered at higher lipid doses as described above, it appears that the bone marrow
selectivity is limited by the injection dosage. We believe that the reason for the dose
dependence of bone marrow uptake is as follows. As the vesicle dosage increases, the MPS
in the bone marrow becomes saturated; as a result, liver and spleen uptake subsequently
increases. Such sequential saturation of the MPS eliminates organ selectivity. Therefore, the
bone marrow targeting of the liposomes becomes striking when the dose of liposomes is
below the saturation dosage for the bone marrow. We have estimated that the maximum
uptake capacity of MPS for the liposomes is around 50 mg/kg body weight in rabbits. When
the liposome dosage increases above 50 mg/kg body weight, the bone marrow is the first
organ to become saturated, and the accumulation of liposomes then increases in the liver and
spleen.

The BMT-liposomes are composed of four kinds of lipid, 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC), cholesterol, L-glutamic acid, N-(3-carboxy-1-oxopropyl)-, 1,5-
dihexadecyl ester (SA-lipid), and poly(ethylene glycol) (PEG) as shown in Figure 2. We
have identified that the SA lipid component is the active factor leading to their phagocytosis
by bone marrow phagocytes assumed macrophages in rabbits [10]. Furthermore, as little as
0.6 mol% of PEG-DSPE depressed hepatic uptake but did not depress bone marrow uptake.
PEG-DSPE can be incorporated into the outer surface of preformed liposomes by using the
post incorporation method [10,66,67]. Otherwise PEG-DSPE is mixed with other lipid
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components before preparation of liposomes. The active targeting factor of SA-lipid and
passive targeting factor of PEG-DSPE appear to cooperatively increase the distribution of
the liposomes to bone marrow. The size of the liposomes in the range of 200–270 nm is not
a significant factor for uptake by bone marrow. The liposomes were designed to have high
entrapment capacity with the interfacial electrostatic interaction to form unilamellar
membrane [68,69]. These characteristics would facilitate the application of the BMT-
liposomes as pharmaceutical carriers to bone marrow.

5. Species specific biodistribution of BMT-liposomes
Whole body scintigraphic imaging is a powerful tool for noninvasive and quantitative
determination of the biodistribution of liposomes in preclinical and clinical evaluations [70–
73]. In particular, technetium-99m (99mTc), which has a photopeak of 140 KeV and a half-
life of 6 hours, is a commonly used radionuclide for clinical scintigraphic imaging. To label
liposomes encapsulating glutathione with 99mTc, Phillips et al has established a remote
loading method using a complex of 99mTcO4

− and hexamethyl-propyleneamine oxime
(HMPAO) [73]. In general, whole body scintigraphic imaging of animals and humans
receiving conventional 99mTc-liposomes demonstrates significant uptake of the 99mTc-
liposomes in the liver and spleen with minimal uptake in the bone marrow [70–73].

As shown in Figure 3, significant bone marrow targeting properties of the BMT-liposomes
have been confirmed in rhesus monkeys and rabbits. Bone marrow had uptake of 72 %
injected dose (ID) of BMT-liposomes in rhesus monkeys and 69.7±0.9 %ID in rabbits
(Figure 5). In contrast with the distribution of BMT-liposomes in bone marrow throughout
the whole body in rabbits, there were less BMT-liposomes distributed in the legs and arms
of the monkeys. In adult humans, the myeloid hematopoiesis is distributed in red marrow
which is mainly localized in ribs, sternum, spine, pelvis, and proximal shafts of the femora
and humeri [74]. It seems that the distribution of the BMT-liposomes in monkeys is similar
to the distribution of myeloid hematopoiesis in humans.

Figure 4 shows whole body images of rodents acquired after intravenous administration of
BMT-liposomes. It was found that hamsters still had significant radioactivity in the
circulation (as depicted by heart activity visualization) at 6 h after injection, indicating that
the distribution of BMT-liposomes to MPS organs in hamster is slower than in rhesus
monkeys and rabbits (Figure 4a). In fact, the BMT-liposomes were retained in circulation at
56.9±5.5 %ID in hamster at 6 h after injection. At 24 h, the radioactivity in hamster heart
disappeared and most of the radioactivity was distributed in the liver. After removing the
liver, we could clearly see the radioactivity in bone marrow of the carcass. Biodistribution
calculated from radioactivity of isolated tissues revealed that bone marrow had 33.5±7.2
%ID and liver 27.0±2.5 %ID at 24 h after injection as shown in Figure 5.

In contrast with rhesus monkey, rabbit, and hamster, bone marrow is not a primary organ for
uptake of the BMT-liposomes in rats and mice. As shown in Figure 4b, the rat still has
significant radioactivity in heart at 6 h after injection of BMT-liposomes. BMT-liposomes
were retained in circulation at 44.6±0.5 %ID at this time point. Although bone marrow still
had significantly higher uptake of BMT-liposomes than standard liposome formulations
which generally have no more than 1–2% uptake in the bone marrow, the level of 9.3±0.7
%ID in rats and 12.5±1.5 %ID in mice is much lower than those in rhesus monkeys and
rabbits. In addition, to our surprise, these most frequently used rodent species showed
different uptake patterns of organ activity of the BMT-liposomes. As shown in Figure 4b
and 5, the spleen of rat had significant uptake of BMT-liposomes. On the other hand, the
liver of mice had the greatest uptake (Figures 4c and 5). These observations might suggest
that small rodents such as mouse and rat are specialized in their handling of circulating
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particles in ways that differ from large animals. Imaging in multiple species may be
particularly important in studies of nanoparticles because studies have shown that there are
significant differences in the circulation times and distribution of nanoparticles in larger
animals and humans as compared with mice and rats. Species-dependent organ specificity
for BMT-liposome uptake is fairly similar with the species specificity of chylomicron
metabolism by bone marrow as described in Section 3 above. This might be one explanation
for the differences observed in the uptake of BMT-liposomes between different species.
However, the bone marrow of rabbits does not have high uptake of standard liposome
formulations but only of BMT-liposomes. Therefore, the presence of perisinusoidal
macrophages in bone marrow is not a sufficient condition for the targeting of the bone
marrow even if it is a necessary condition. It can be speculated that perisinusoidal
macrophages have specific receptors that can recognize the surface of liposomes containing
SA-lipid.

One reason for this species-dependence is likely related to the difference of mass balance of
MPS organs between species in competitive uptake. In a previous study of a large infusion
dose of liposomes, we have found that the balance between organ weight and body weight is
a crucial factor determining the difference in biodistribution of liposomes between rats and
rabbits [63]. The spleen-to-body weight ratio of the rat is 3 times greater than that of the
primate and 9 times greater than the spleen-to-body weight ratio of the rabbit. If the BMT-
liposomes are being taken up in relationship to total cell turnover, it may be that rats have a
very high rate of lymphocyte production in their large spleen as compared with other species
which could be related to their high uptake of BMT-liposomes in the spleen and relatively
lower uptake in the bone marrow.

6. Conclusion
Bone marrow, a hematopoietic organ, is an important, albeit challenging target for drug
delivery [50–53,75,76]. Surface-modified liposomes provide a promising methodology to
deliver liposomal drugs into bone marrow via specific bone marrow phagocytosis. This bone
marrow delivery system has potential as a drug delivery carrier for chemotherapy of
hematopoietic malignancies such as myelocytic leukemia and multiple myeloma. Potential
clinical uses of this bone marrow delivery system include the delivery of agents that protect
the marrow from the toxic effects of chemotherapy and radiation, and the delivery of agents
to effectively and safely ablate bone marrow prior to bone marrow transplant. Also, the
ability to specifically deliver stimulants of hematopoietic cell proliferation may open novel
therapeutic system for increasing hematopoiesis [51,77]. Development of an effective bone
marrow delivery system in humans could prove valuable due to the vital importance of the
bone marrow as a crucial hematopoiesis site.

7. Expert Opinion
Nanoparticle-based drug delivery is a promising approach to increase the local drug level in
target tissues. In particular, liposomes are convenient nanoparticles for drug delivery
applications because they encapsulate various agents such as anticancer drugs, anti-infective
(bacteria, fungi, protozoan) drugs, bioactive proteins and peptides, nucleic acid drugs, and
radionuclides. The presently described BMT-liposomes may offer a strategy to control the
hematopoietic cells by the stimulation of macrophages that are associated with those cells.
This specific bone marrow phagocytosis was present in rabbits and rhesus monkeys, while
was significantly less prominent in hamsters, mice and rats. These interspecies differences
demonstrate that the biodistribution of liposomes in small animals do not necessarily reflect
liposome distribution in large animals. Based on our observations with BMT-liposome
nanoparticles, we believe it is important to study nanoparticle distributions in a variety of
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animal species, particularly larger experimental animals such as rabbits and non-human
primates.

High selectivity of the present BMT-liposome formulation for bone marrow suggests the
presence of an active and specific mechanism, but specific factors affecting the uptake of the
bone marrow MPS are still unknown. Further investigation of this mechanism will increase
our understanding of factors required for effective transport of agents to the bone marrow,
and may provide an efficient system for bone marrow delivery for therapeutic purposes. We
have identified an anionic lipid having succinic acid (SA-lipid) as the targeting molecule to
increase the bone marrow uptake. This molecular structure might be effective for targeting
other types of nanoparticles to bone marrow for diagnostic and therapeutic applications.

The specific targeting of drugs and other biologically active agents to macrophages could be
useful for therapeutic applications in both infectious and non-infectious diseases. After
trapping in the macrophage, liposomes would be gradually digested by resident enzymes in
macrophage lysosomes [65]. Therefore, the delivery of therapeutic agents to bone marrow
tissues surrounding macrophages might be facilitated by their controlled release from
macrophages. Liposomes, which are molecularly assembled by secondary weak interactions,
have clear advantages for the controlled release of encapsulated agents at specifically
targeted points, because their assembling properties can be critically changed by the
environmental conditions. This controlled release technology has been reported in a variety
of applications such as gene delivery into the nucleus [78–82]. A controlled release gene
delivery methodology is based on the collapse of vesicular structures at low environmental
pH following fusion with endosomes where the pH is below 5.0, i.e. pH-sensitive liposomes
[79,80]. Other approaches for the controlled release of agents from vesicular nanoparticles
have utilized temperature-sensitive [81] or chemically degradable liposomes [82].
Macrophages produce a wide range of biologically active molecules related to the
development of various disorders [83,84]. Their intercellular control systems may widen the
target to not only the targeted macrophages, themselves, but also to neighboring cells such
as hematopoietic cells and tumor cells [85–88]. Further biological investigations will
increase the clinical potential of this targeting system to bone marrow.

Article highlights

• Bone marrow macrophages have uptake of bioparticles such as chylomicrons
and apoptotic neutrophils. It can be speculated that the bone marrow
macrophages have a role in the delivery of lipids to the bone marrow as a source
of energy and for membrane biosynthesis or in the delivery of fat soluble
vitamins for hematopoiesis. This homeostatic system offers a potent pathway to
deliver drugs selectively into bone marrow tissues from blood.

• Liposomal carriers with high targeting to bone marrow have been discovered.
Bone marrow macrophages offer a specific mechanism for uptake of liposomes.
An anionic lipid having succinic acid is a critical component to interact with
bone marrow cells. Furthermore, PEG-modification of the liposomes passively
increases the bone marrow selectivity by inhibiting the hepatic uptake. This
information would be useful for designing bone marrow-targeted nanoparticles.

• The bone marrow of rabbits and rhesus monkeys has high uptake of BMT-
liposomes. On the other hand, in hamsters, mice and rats the bone marrow-
targeted liposomes are mainly captured in liver and spleen instead of the bone
marrow. This fact suggests the importance of studying nanoparticle distribution
in multiple animal species.
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• The liposomal carriers can be used as a bone marrow-targeted drug delivery
system for anticancer drugs, antifungal drugs, bioactive proteins and peptides,
nucleic acid drugs, and radionuclides.
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Figure 1.
Distribution of white blood cells labeled with indium-111 in human. White blood cells
labeled with indium-111 are commonly administered to humans to detect infection and
imaged at 20 hours post-administration. The present anterior and posterior whole body
images were acquired at 24 hours post-administration. Region-of-interest analysis of anterior
image demonstrated that 72% of the labeled white blood cells were located in the bone
marrow with the remainder in the liver and spleen.
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Figure 2.
Lipid components of bone marrow-targeted liposomes (BMT-liposomes).
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Figure 3.
Static gamma camera whole body images of rhesus monkey and rabbit receiving 99mTc-
labeled bone marrow targeted-liposomes intravenously. The images were taken in rhesus
monkey at 3 hours and in rabbit at 6 hours after injection of the liposomes at 15 mg lipids/kg
body weight.
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Figure 4.
Static gamma camera images of rodents receiving 99mTc-labeled bone marrow targeted-
liposomes at 15 mg lipids/kg body weight intravenously. The base line image was taken just
after injection of the liposomes. (a) Hamster: Images were taken at 6 and 24 hours after
injection. The carcass image was taken after removing the internal organs at 24 hours. (b)
Rat: Images were taken at 6 hours after injection. (c) Mouse: Images were taken at 6 hours
after injection.
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Figure 5.
Biodistribution of bone marrow targeted-liposomes in rhesus monkeys (at 3 h), rabbits (at 6
h), hamsters (at 24 h), rats (at 6 h), and mice (at 6 h) after injection. Bone marrow targeted-
liposomes were injected at 15 mg lipids/kg body weight.
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