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Figure 3. OPG-deficient mice are osteoporotic and have
reduced HSPC pools. (A and B} BMD assays and microradiogra-
phy analysis were undertaken in femurs of 8-12-wk-old OPG-
deficient (OPG KO; n = 5) and wild-type (WT; n = 5} mice using
dual-energy x-ray absorptiometry (mg/cm?; A) and micro-CT
(B), respectively. BMD was shown in 20 longitudinal divisions of
femurs. Bars, 1 mm. (C-E) 250 pg/kg/d G-CSF was injected sub-
cutaneously into OPG-deficient (OPG KO; n = 5) and wild-type
control (WT; n = 5) mice daily for 5 d. Peripheral blood was then
collected, and the frequency of the LSK fraction (C and D) and
CFU-C {E) were analyzed by flow cytometry and colony-forming
assays, respectively. {C) Representative flow cytometry pattern
of peripheral blood cells. Cells were gated with lineage-negative
cells. Data represent the mean LSK frequency (%) + SD in pe-
ripheral blood {* P < 0.01, n=5; D) and CFU-C + SD in 1 m|
peripheral blood (*, P < 0.01, n = 12; E). {F) 250 ug/kg/d G-CSF
was injected subcutaneously into OPG-deficient (OPG KQ),
c-Fos-deficient {c-Fos KO), RANKL-deficient (RANKL K0), and
littermate control mice daily for 5 d. Peripheral blood was

collected from each mouse and transplanted into lethally irradiated Ly5.1 recipient mice with BM competitors isolated from Ly5.1 mice. Peripheral blood
of recipient mice was collected after 3 mo of transplantation and stained with PE-conjugated anti-CD45.1 and FITC-conjugated anti-CD45.2, and leuko-
cyte chimerism was determined by FACS. Data represent the mean CD45.2+ frequency (%) + SD in peripheral blood (¥ P < 0.01;**, P < 0.05, n = 8). Repre-
sentative data of two (A, B, and F) and three {C, D, and E) independent experiments are shown.

HSPCs was observed in CD11b* myeloid, B220* B cell, and
CD3* T cell recipient lineages (Fig. $2). Thus, osteoclasts
and BM cavities appear to antagonize HSC maintenance.

F4/80* osteomacs are defective in op/op mice but appear
normal in c~Fos— or OPG-deficient mice

Recently, it was reported that F4/80% macrophages, termed
osteomacs, reside in the endosteal (Chang et al., 2008) where
they support osteoblast function, thereby contributing to
retain HSCs in the BM niche (Winkler et al., 2010). Thus,
increased HSPC mobilization seen in op/op mice after
G-CSF injection could be a result of reduced levels of osteo-
macs. Indeed, we observed fewer F4/80% osteomacs in op/op
mice, although their levels in c-Fos—deficient and RANKL-
deficient mice were similar to those observed in wild-type
mice (Fig. 4). These observations suggest that osteomac re-
duction is not a common property of osteopetrotic mice, all
of which show increased HSPC mobilization after G-CSF
administration. CD11b*F4/80*Ly6-G* macrophages, which
also reportedly inhibit HSPC mobilization into the periph-
eral blood, are reduced after G-CSF treatment in wild-type
mice (Winkler et al., 2010). However, like osteomacs, the
CD11b*F4/80*Ly6-G* macrophage population was reduced
in op/op mice compared with wild-type mice, but such a re-
duction was not seen in c-Fos—deficient mice (Fig. S3 A). In
OPG-deficient mice, osteomac and CD11b*F4/80"Ly6-G*
macrophage levels were similar to those seen in wild-type
mice (Fig. 4 and Fig. S3 A). These results suggest that both of
these cell types are M-CSF dependent and are deficient in the
op/op model of osteopetrotic mice, but that this deficiency is
not likely be the cause of increased mobilization of HSPCs
seen in osteopetrotic animals. A more likely explanation is
that HSPC mobilization seen in all osteopetrotic models is a
result of loss of osteoclasts and BM cavities. Because F4/80*
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osteomacs and CD11b*F4/80"Ly6-G* macrophages were
detected in osteoclast-deficient c-Fos—deficient mice, we do
not consider F4/80% cells to be osteoclasts. Indeed, F4/80 is
reportedly not expressed in osteoclasts (Quinn et al., 1999).

The spleen is not the primary tissue that maintains HSPCs

in op/op mice

Hematopoiesis in osteopetrotic mice reportedly occurs in
extramedullary spaces, such as spleen (Lowell et al., 1996).
Indeed, a greater proportion of LSK cells was seen in the

op/op

RANKL KO

Figure 4. Osteomac levels are reduced in op/op but not c-Fos-
deficient mice. Paraffin specimens of op/op, c-Fos-deficient (c-Fos K0),
RANKL-deficient (RANKL KO), OPG-deficient (OPG KO), and control mouse
femoral bones were stained with Alexa Fluor 488-conjugated anti-F4/80
antibody and observed under a confocal microscope. TOTO3 served as a
nuclear stain. Arrowheads indicate F4/80-positive osteomacs. Representa-
tive data of three independent experiments are shown. Bars, 100 pm.
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Figure 5. HSCs do not accumulate in the
spleen of op/op mice. Splenectomy or sham
surgery was performed on 8-12-wk-old op/op
(n= 5 for each group) and control (op/+; n=5
for each group) mice. 7 d later, mice were
injected with 250 pg/kg/d G-CSF daily for 5 d,
and mobilization of HSCs to peripheral blood
was analyzed using flow cytometry and

colony-forming assays. (A) Representative
flow cytometry pattern of peripheral blood

sham splenectomy

after G-CSF injection (n = 5 for each group). Cells were gated on lineage-negative cells. (B and C) Data represent the mean LSK frequency (%) + SD in
peripheral blood (%, P < 0.01, n = 5 for each group; B) and mean CFU-C + SD in 1 mi peripheral blood (* P < 0.01, n = 5 for each group; C). Representative

data of three independent experiments are shown.

spleen of op/op mice than in control (op/+) mice (Fig. S3,
B and C). Thus, we removed the spleen from op/op mice
and treated those mice with G-CSF serially to analyze HSPC
mobilization (Fig. 5). Interestingly, HSPC mobilization was
induced or even significantly higher in splenectomized
op/op mice compared with sham-operated op/op mice (Fig. 5).
These data suggest that HSCs are maintained in tissues other
than spleen in osteoclast-deficient osteopetrotic mice. Inter-
estingly, we found that bone tissues in osteoclast-deficient
mice contained small spaces where c-Kit—positive hemato-
poietic cells are located (Fig. $4 A). Thus, hematopoiesis may
be maintained in bone, even in osteopetrotic mice. In fact,
flow cytometry analysis revealed an HSC-enriched LSK
population in osteopetrotic bones of op/op mice (Fig. S4 B),
and these cells were shown to be functional by an LTC-IC
assay (not depicted). These results indicate that HSCs are
maintained in bones of osteopetrotic mice, that increased
bone mass as a result of impaired osteoclastogenesis may in-
crease functionality of the HSC niche, and that osteoclasts
could be a therapeutic target to expand HSCs as well as bone
mass. Bones are formed by osteoblasts, and osteoblasts re-
portedly express various niche factors such as angiopoietin 1,
osteopontin, Cxcll12, and KitL (Arai et al., 2004; Stier
et al., 2005; Adams and Scadden, 2006; Katayama et al.,
2006). We found that these niche factors were expressed in
osteopetrotic bones of op/op, c-Fos—deficient, and RANKIL-
deficient mice (unpublished data).

Osteoclast-inhibiting agents increase HSPC mobilization
in wild-type mice
Finally, we asked whether blocking osteoclast function or dif-
ferentiation pharmacologically would inhibit or enhance
hematopoietic activity in wild-type mice. Wild-type mice
were pretreated with bisphosphonate (alendronate) or vehicle
(PBS), and HSPC mobilization after serial G-CSF injection
was analyzed (Fig. 6). Bisphosphonate treatment significantly
increased bone mass (Fig. 6, A and B), and, interestingly, mo-
bilization of HSPCs as determined by a colony-forming assay
was highly induced in bisphosphonate- compared with vehicle-
treated mice (Fig. 6 C). Thus, bisphosphonate therapy
increased bone mass and up-regulated HSPC mobilization.
Similar phenotypes were detected in mice treated with neu-
tralizing RANKL antibody compared with isotype-matched
control antibody-treated mice (Fig. 6, D—F). Thus our results
demonstrate that HSCs can be expanded pharmacologically.
Treatment with zoledronate, another bisphosphonate, also
reportedly increased HSPC mobilization in response to G-CSF
(Winkler et al., 2010), further suggesting that bisphosphonate,
neutralizing RANKL antibody, or other osteoclast inhibitors
might serve as adjuvants to increase HSPC mobilization.
Collectively, our results challenge the dogma that BM
cavity—deficient animals cannot maintain HSCs and raises the
question of why mammalian and avian species developed BM
cavities. Although the density of osteopetrotic bones in op/op
mice was greater than that seen in controls (Fig. S5 A), strength
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A 6o B__vehicle Alendronate . G, o500 " Figure 6. Pharmacological inhibition of osteo-
& 50 - A'i’,“’:m"ate 4 £ 2000 clasts increases bone mass and expands the HSC
S 40 M‘ii@\ 8 1500 pool in wild-type mice. (A-C) Wild-type mice were
E gg g 1000 treated with 5 mg per mouse of alendronate (bisphos-
% 10 5 500 phonate; n = 5} or vehicle (PBS; n = 5) daily for 14 d

@ 0#1 5 0 15 5o & ovehicle Aendromate  and then inje@ed with 250 ug/kg/d G-CSF daily for five

. more days. Mice were assessed for BMD (A}, micro-

~ .60 radiography (B), and HSC mobilization in peripheral blood
(:i:; 1518 - gAON:é‘ Ab {Cf ™, P <005, n=5). Bar, 1 mm. (D and E) Wild-type
Z a0 ! mice were treated with 5 or 2.5 mg/kg of neutralizing
5 20 antibody against RANKL (RANKL Ab; n = 5) or isotype
Z 18 control antibody (ISO; n =5} 14 and 1 d before G-CSF

#15 10 15 20 ISO Ab RANKL Ab injection, respectively. Mice were then injected with
250 pg/kg/d G-CSF daily for 5 d, and BMD (D), micro-
radiography (E), and mobilization of HSCs in peripheral blood (F; *, P < 0.01, n= 5) were analyzed. BMD was shown in 20 longitudinal divisions of femurs

(Aand D). Data represent mean CFU-C + SD in 1 ml peripheral biood (C and F). Bars, 1 mm. Representative data of two independent experiments are shown.
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tests indicated that bones were more fragile than control bones
(Fig. S5 B). Fractures were induced in osteopetrotic bones
earlier and by lower energy than in control bones, based on
constant displacement tests (Fig. S5, B and C). Osteopetrotic
bone also showed reduced elasticity (Fig. S5 D). H/E staining
indicated that op/op mouse bones were filled with trabecular
bone and that mutants exhibited thinner cortical bones than
did control mice (Fig. S5, E and F). Indeed, osteopetrotic pa-
tients suffer from frequent fractures (Landa et al., 2007). Thus
bones likely developed not only to maintain HSCs but to
optimize bone strength and body support. To overcome the
reduced ability to support HSCs in an open BM cavity created
by osteoclasts, BM nichies were likely developed by osteo-
blastic cells, vascular endothelial cells, reticular cells, or aggre-
gates of these cells (Adams and Scadden, 2006; Kiel and
Morrison, 2008), or by the products of these cells such as angio-
poietin 1, osteopontin, Cxcl12, and thrombopoietin 1 (Calvi
et al,, 2003; Zhang et al., 2003; Arai et al., 2004; Kiel et al,,
2005; Stier et al., 2005; Adams and Scadden, 2006; Sugiyama
et al., 2006; Kiel and Morrison, 2008; Lymperi et al., 2010).
Manipulating HSCs in vitro to increase their number likely
results in reduced stemmess because quiescence is essential to
maintain stem cell function (Cheng et al., 2000; Miyamoto
et al., 2007). Thus, there is likely an antagonistic relationship
between expansion and quiescence in HSC expansion. Bone
mineral density (BMD) decreases with age, as osteoporosis is
increased by osteoclastic activity (Manolagas and Jilka, 1995;
Teitelbaum, 2007). Hematopoietic activity also decreases with
age (Geiger and Rudolph, 2009; Waterstrat and Van Zant,
2009), suggesting that bone aging can cause both reduced bone
mass and reduced hematopoiesis, and that antagonizing osteo-
clasts pharmacologically could promote increased bone mass and
stimulate an induced niche in vivo to increase the HSC pool.

MATERIALS AND METHODS

Mice. op/op, c-Fos—deficient, and RANKL-deficient mice were generated by
crossing heterozygotes of respective genotypes. c-Fos-deficient mice were pro-
vided by E. Wagner (Institute of Molecular Biotechnology of the Austrian
Academy of Sciences,Vienna, Austria). Animals were maintained under patho-
gen-free conditions in animal facilities certified by the Keio University School
of Medicine animal care committee. To analyze blood counts, peripheral blood
from the postorbital vein was collected in heparinized microtubes (Drummond
Scientific). 5-FU (Kyowa Hakko Kirinn) was administered intravenously at
150 mg/kg to 8—12-wk-old op/op, c-Fos—deficient, or littermate control mice
once a week, and mouse survival was monitored daily. Animal protocols were
approved by the Keio University School of Medicine animal care committee.

Analysis of skeletal morphology. 8-12-wk-~old mice were necropsied,
and their hindlimbs were removed, fixed in 70% ethanol, and subjected to
dual energy x-ray absorptiometry analysis to measure BMD and for micro-
radiographic analysis. BMD was shown in 20 longitudinal divisions of femurs.

Mobilization of hematopoietic progenitors. To induce HSPC mobiliza-
tion, mice were injected with recombinant human G-CSF (Kyowa Hakko
Kirin Co.; 250 pg/kg/d for 5 d, subcutaneous injection). Peripheral blood was
harvested 3 h after the last G-CSF injection and used for blood counts, deter-
mination of colony-forming units in culture (CFU-C), and flow cytometric
(FACS) analysis. Blood counts were analyzed using CellTac (Nihon Kohden).
For CFU-C assays, cells were cultured in methylcellulose medium containing
recombinant mouse (rm) stem cell factor, rm IL-3, recombinant human (th)
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IL-6, and 1th erythropoietin (MethoCult GF M3434; STEMCELL Technolo-
gies) in 35-mm culture dishes (Falcon) and incubated at 37°C in 5% CO,. The
number of CFU-Cs was determined on day 7 using a microscope (Olympus).
FACS analysis was undertaken as described. For some experiments, Alendro-
nate or RANKL neutralizing antibody was administered. 5 pg alendronate/
mouse/d was injected subcutaneously for 14 d before G-CSF injection. 5 mg/kg
RANKL neutralizing antibody (Oriental Yeast Co.) or isotype control anti-
body (BD) at 14 d and 2.5 mg/kg at 1 d before G-CSF injection was injected
into the peritoneal cavity. For competitive repopulation assays, peripheral
blood from individual CD45.2% mice was pooled, and 20 pl of pooled blood
was mixed with 500,000 competitive BM cells from untreated CD45.1* mice
and injected intravenously into lethally irradiated CD45.1% recipient mice.
After 3 mo of transplantation, peripheral blood reconstitution in multiple
lineages was determined by FACS using CD45.1 (A20), CD45.2 (104), Mact
(M1/70), CD3 (500A2), and B220 (RA3-6B2) antibodies (a1l BD).

Flow cytometry. mAbs (all BD) recognizing the following markers were
used for flow cytometric analyses and cell sorting: c-Kit (2B8), Sca-1 (E13-
161.7), CD3 (500A2) B220 (RA3-6B2), TER-119 (Ly-76), Gr-1 (RB6-8CS),
and Mac-1 (M1/70). A mixture of mAbs recognizing CD3, B220, TER-
119, Mac-1, or Gr-1 was used to identify lineage* cells. Mature myeloid cells
were stained with PEcy7-conjugated ant-CD11b (M1/70; eBioscience),
Alexa Fluor 488-conjugated anti-F4/80 (CI:A3-1; BioLegend), and
PE-conjugated anti-Ly6-G antibody (1A8; BD). Stained cells were analyzed
on a FACS Aria2 machine (BD).

ELISA. Serum M-CSF levels were assayed using the Mouse M-CSF ELISA
kit (R&D Systems), according to the manufacturer’s instructions.

Immunohistochemical analysis. Frozen sections of op/op mice femoral
bone that had not been decalcified were stained with goat anti—¢-Kit antibody
(AF1356; R&D Systems), followed by Alexa Fluor 488-conjugated donkey
anti—goat antibody (Invitrogen) to detect HSCs and with TOTO3 (Invitro-
gen) to detect nuclei. Samples were observed under a fluorescence micro-
scope (IX70; Olympus). Paraffin sections of wild-type, op/op, c-Fos—deficient,
and OPG-deficient mice femoral bone were stained with Alexa Fluor 488
conjugated anti-F4/80 antibody (BioLegend) and TOTO3 as a nuclear stain
and then observed under a confocal microscope (FV1000; Olympus).

Bone strength test. The femur was removed from mice and placed on the
lower supports of a three point bending fixture with the anterior side facing
up using an apparatus called the Bone Strength Tester MZ-500S (Maruto)
installed with a load of 50 N. The span between the two lower supports was
set at 6 mm. For all femoral specimens, the upper loading device was aligned
to the center of the femoral shaft and the load was applied at a constant dis-
placement rate of 10 mm/min until breakage occurred.

Online supplemental material. Fig. S1 demonstrates the sensitivity of c-Fos—
deficient and op/op mice to 5-FU, and the bone phenotype of RANKL-
deficient mice. Fig. $2 shows multilineage reconstitution of donor-derived
cells in recipient mice. Fig. S3 demonstrates the frequency of the CD11b*F4/
80*Ly6-G* macrophage population in wild-type, op/op, c-Fos-deficient, and
OPG-deficient mice, and the frequency of LSK cells in op/op mouse spleen.
Fig. 84 demonstrates the presence of HSC:s in osteopetrotic bone. Fig. S5 shows
osteopetrotic bone strength. Online supplemental material is available at http://
wwwijem.org/cgi/ content/full/jem.20101890/DC1.
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Dual functions of cell-autonomous and non—cell-autonomous ADAM10 activity

in granulopoiesis
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Previous siudies have revealed various
extrinsic stimuli and factors involved in
the regulation of hematopoiesis. Among
these, Notch-mediated signaling has been
suggested to be critically involved in this
process. Herein, we show that condi-
tional inactivation of ADAM10, a mem-
brane-bound proiease with a crucial role
in Notch signaling (82 cleavage), results

lighted by severe splenomegaly and in-
creased populations of myeloid cells and
hematopoietic stem cells. Reciprocal
transfer of bone marrow cells between
wild-type and ADAM10 mutant mice re-
vealed that ADAM10 activity in both hema-
topoietic and nonhematopoietic cells is
involved in the development of MPD. No-
tably, we found that MPD caused by lack
of ADAM10 in nonhematopoietic cells was

mediated by G-CSF, whereas MPD caused
by ADAM10-deficient hematopoietic cells
was not. Taken together, the present find-
ings reveal previously undescribed non-
redundant roles of cell-autonomous and
non—cell-autonomous ADAM10 activity in
the maintenance of hematopoiesis.
(Blood. 2011;118(26):6939-6942)

in myeloproliferative disorder (MPD) high-
Introduction

Notch signaling plays crucial roles in cell fate decision in diverse
tissues.! Previous studies have shown the potential involvement of
Notch receptors and their ligands in the maintenance of hematopoi-
etic stem cells (HSCs) in bone marrow (BM).2* However, despite
intensive studies in the past decade, the physiologic relevance of
Notch signaling in HSC maintenance remains controversial. Gain-
of-function experiments both in vitro and in vivo suggest that
Notch signaling in HSCs increases self-renewal and suppresses
differentiation of HSCs.*7 Conversely, others have shown that
Notch signaling in HSCs is dispensable for their maintenance.>?

The metalloprotease responsible for S2 cleavage of Notch also
remains controversial. Initial studies identified ADAM17/TACE, a
membrane-bound metalloprotease belonging to the ADAM gene
family, as the sheddase for Notch.'9 However, findings that
Adaml7 mutant mice did not exhibit any Notch-related developmen-
tal defects raised questions about the relevance of ADAM17 for
Notch processing in vivo.''2 On the other hand, emerging
evidence suggests that another family member, ADAMIO, is the
major protease responsible for Notch processing.!>16

To clarify these issues, we generated conditional ADAMI10-
deficient mice and found that conditional inactivation of ADAM10
by the inducible MxI-Cre transgene results in myeloproliferative
disorder (MPD), which resembles that observed in Notch signaling—
defective mutant mice.!?’ Reciprocal BM transplantation experi-
ments revealed that lack of ADAM10 in either hematopoietic cells
or the host environment leads to the MPD phenotype. Furthermore,
we found that MPD caused by lack of ADAMIO in the host
environment, but not in hematopoietic cells, is dependent on
G-CSF. Thus, the present study reveals previously undescribed

nonredundant roles of cell-autonomous and non-—cell-autonomous
ADAMI10 activity in the regulation of hematopoiesis.

Methods

A detailed description of the gene targeting and generation of Adam.] (flofiox
mice is provided in supplemental Methods (available on the Blood Web site;
see the Supplemental Materials link at the top of the online article).
Adam]0f¥fox mice exhibited no apparent defects (data not shown) and
were used as control animals for the experiments (henceforth referred to as
control mice). Adam] 0o’ mice were crossed with MxI-Cre transgenic
mice?! to gemerate inducible conditional ADAMI10-knockout mice
(Adam10fexj)x]-Cre™, henceforth referred to as Adaml0/Mx] mice).
Conditional excision of the floxed allele was achieved by intraperitoneal
injection of polyinosinic:polycytidylic acid. All animal experiments were
approved by the Institutional Animal Care and Use Committee of the Keio
University School of Medicine. All other experimental methods are
described in supplemental Methods.

Images of the sections were acquired with ACT-1 Version 2.62 software
(Nikon) via a digital camera (DXM1200; Nikon) mounted on a BX50
microscope (Olympus). The objectives used were 4X/0.16, 10X/0.40, and
20X%/0.70 UPlanApo (Olympus). Images were processed with Adobe
Photoshop CS4 (Adobe Systems).

Results and discussion
Conditional inactivation of ADAM10 resulis in MPD

To elucidate the roles of ADAMIO in hematopoiesis and its
potential involvement in Notch signaling, we generated a mutant
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Figure 1. Conditional inactivation of ADAMI0 results in MPD. (A) Gross morphology of spleen from 8-week-old control and Adam70/Mx7 mice injected with
polyinosinic:polycytidylic acid at 4 weeks before euthanasia (scale bar represents 1 cm). (B) Spleen/body weight ratios and total cell counts in the spleen. Bars indicate mean
= 8D (n = 5). (C) H&E staining of sections of the spleen (i-iv; bars represent 200 pm [i and il and 60 wm [iii and iv]), liver (v and vi; bar represents 100 wm), and metatarsi (vii
and viii; bar represents 250 um) from 12-week-old control and Adam?70/Mx1 mice injected with polyinosinic:polycytidylic acid at 8 weeks before euthanasia. The spleen of
Adam10/Mx1 mice shows an increase in the number of myeloid cells, as well as megakaryocytes (arrowheads) in the red pulp (i-iv). In addition, granulocytic cells are present in
the liver of Adarn10/Mx1 mice, which indicates extramedullary hematopoiesis (v and vi arrowheads). The metatarsi of the mutant mice are filled with hematopoietic cells,
whereas the BM cavity of control animals is filled with adipose celfs (vii and viil arrowheads). (D) Complete blood counts far control and Adam10/Mx1 mice. Bars indicate mean
+ 8D (n = 4); HCT, hematocrit; HGB, hemoglobin; RBC, red blood cells; WBC, white blood celis; and PLT, platelets. (E) Flow cytometric analysis of peripheral blood. Bars
indicate mean = SD (n = 4). (F) Flow cytometric analysis of CD3e*, and B220* celis in the spleen and Gr-1* CD11b* cells in the BM from control and Adam10/Mx7 mice

(boxed areas). (G) Absoiute cell numbers of Gr-1* CD11b* cells in the BM and CD3

et and Gr-1* CD11b* cells in the spleen. Bars indicate mean + SD (n = 4), (H) Flow

cytometric analysis of the KSL cell populations in the BM and spleen of control and Adam70/Mx1 mice. Boxed areas indicate KSL cells. (1) Absolute numbers of KSL cells in the

BM and spleen. Bars indicate mean = SD (n = 3). (J) Numbers of colony-forming units

(CFUs) per 1 X 109 splenocytes and 1 X 104 BM cells, respectively. Bars indicate mean

= 8D (n = 5). The flow cytometric analysis shown here is a representative result of 3 independent experiments. (K) Transcript fevels of Hes?, Hey1, and Hey2in the spleen of

control and Adam10/Mx1 mice. ttest: *P < .05, **P < .005.

line (AdamlO/MxI) in which temporal and systemic deletion of
Adaml0 was achieved by the MxI-Cre transgene.”! Notably,
Adaml0/Mx] mice developed severe splenomegaly characterized
by expansion of the red pulp (Figure 1A-B, Ci-iv). Infiltration of
myeloid cells was also observed in the liver of Adaml0/MxI mice
(Figure 1Cv-vi). The metatarsal BM, which is usually replaced by
fat cells in adult mice, was filled with hematopoietic cells (Figure
1Cvii-viii). The complete blood counts revealed decreases in
hemoglobulin and hematocrit and an increase in the number of
white blood cells (Figure 1D). Flow cytometric analysis of
peripheral blood cells showed a relative increase in neutrophils

(CD11b* Ly6C™), as well as a decrease in a T-cell population
(CD3e*; Figure 1E).

Flow cytometric analysis of splenocytes from Adaml0/Mx]
mice revealed an increase in the population of Gr-1¥CD11b*
myeloid cells (Figure 1F-G), whereas no significant difference was
observed in the BM of the femur. There was also a significant
increase in HSCs (c-Kit*Sca-1*Lin~; KSL cells??) in Adam0/Mx]
mice (Figure 1H-I). Consistent with these findings, there were
increases in the numbers of colony-forming units in the BM and
spleen of Adaml0/Mx] mice compared with control mice (Figure
1I). Taken together, these observations show that conditional
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Figure 2. Dimorphic effects of ADAM10 on granulopoiesis. (A) Serum G-CSF levels in control (Ctrl) and Adam10/Mx1 (A10/Mx1) mice evaluated by ELISA. Bars indicate
mean = SD (n = 5). (B) Spleen/body weight ratios and total cell counts in the spleen of control and Adam10/Mx1 mice in either Gesf*/* or Gesfr~~ genetic background. Bars
indicate mean = SD (n = 4). (C) Numbers of CD3e™" cells and Gr-1* CD11b* splenocytes in Gesfr—~ and Adam10/Mx1-Gesfr~/~ mice. Bars indicate mean + SD (n = 5).
(D) Western blot analysis of ADAM10 {A10) and B-actin (8A) in BM cells from control (Ctrl) recipient mice reconstituted with Adam10/Mx1 (A10/Mx1) BM cells and Adam10/Mx1
recipient mice reconstituted with contro!l BM cells. (E) Serum G-CSF levels in control (Ctrl) recipient mice reconstituted with Adam10/Mx1(A10/Mx1) BM cells and Adam10/Mx1
recipient mice reconstituted with control BM cells. (F) Spleen/body weight ratios and total cell counts in the spleen of control recipient mice reconstituted with control BM cells,
control recipient mice reconstituted with Adam10/Mx1 BM cells, and Adam10/Mx1 recipient mice reconstituted with control BM cells. Bars indicate mean = SD (n = 10). Flow
cytometric analysis (G) and total cell counts (H) of Gr-1* CD11b* cells and CD3e* cells in the spleen of control recipient mice reconstituted with control BM cells, control
recipient mice reconstituted with Adam10/Mx7 BM cells, and Adam10/Mx1 recipient mice reconstituted with control BM cells. Note that there was also a decrease in a T-cell
population (CD3e* cells) in the spleen of control recipient mice reconstituted with Adam10/Mx1 cells (H), consistent with previous findings that the effect of Notch signaling in
T-cell development is cell autonomous.?® Bars indicate mean + SD (n = 10). The flow cytometric analysis shown here is a representative result of 3 independent experiments.

ttest: *P < .05, **P < .005.

inactivation of ADAMI0 leads to MPD. In addition, we found that
T-cell development was impaired at an early stage of differentiation
(supplemental Figure 2), similar to the case for conditional
Notchl-knock-out mice.? In accordance with this, the transcript
levels of the Notch target-genes (Hesl, Heyl, and Hey2) were
significantly reduced in Adaml0/MxI mice (Figure 1K).

Both cell-autonomous and non-cell-autonomous ADAM10
activity affects granulopoiesis

We next performed a multiplex analysis of serum cytokines
using antibody arrays and found that several cytokines, includ-
ing G-CSF, were up-regulated in Adam!0/MxI mice (Figure 2A;
supplemental Figure 3). Because G-CSF is a highly potent
cytokine for stimulating granulopoiesis and progenitor cell
proliferation, we hypothesized that aberrant production of
G-CSF was the primary cause of MPD, as has been shown in
different Notch signaling~defective mutant mice.’ To test this
hypothesis, we mated Adaml0/MxI mice with Gesfr™~ mice?*
to block G-CSF receptor signaling. Unexpectedly, although the
degree of splenomegaly and increase in granulopoiesis were
significantly lessened, Adaml0/Mxl1 -Gesfr~/~ double-mutant
mice still developed splenomegaly (Figure 2B-C), which indi-
cates that MPD in Adaml0/Mx] mice was caused by G-CSF-
dependent and G-CSF-independent mechanisms. We next per-

formed reciprocal BM transfer experiments to determine the
source of G-CSFE. A nearly complete lack of ADAMI0 expres-
sion in the BM cells in control recipient mice and positive
ADAM10 expression in the BM cells in Adam10/Mx! recipient
mice were confirmed at the time of euthanasia (Figure 2D). The
serum level of G-CSF was up-regulated in Adaml0/MxI recipi-
ent mice reconstituted with control BM cells, whereas that in
control mice reconstituted with AdamlO/MxI BM cells re-
mained unaffected (Figure 2E). These findings indicate that a
lack of ADAM10 in the host environment, but not in hematopoi-
etic cells, leads to aberrant production of G-CSF. Furthermore,
we found that not only Adaml0/MxI recipient mice reconsti-
tuted with control BM cells but also control recipient mice
reconstituted with Adaml0/Mx1 cells developed splenomegaly
and MPD (Figure 2F-H). These observations suggest that a lack
of ADAMI0 activity in the host environment leads to aberrant
G-CSF production and ultimately results in MPD, whereas MPD
caused by ADAM10-defective hematopoietic cells is not depen-
dent on G-CSF. Therefore, ADAMI10 has both cell-autonomous
and non—cell-autonomous functions in granulopoiesis.

It has been shown that several Notch signaling—defective
mice!”2925 develop a similar MPD phenotype as observed in the
present study (supplemental Table 1). Although the targeted genes
in these mutant lines are different in their participation in the Notch
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signaling cascade and also have functions outside Notch signaling,
they share a common feature in the MPD phenotype: that it is
primarily derived from a non-cell-autonomous mechanism and is
potentially dependent on aberrant production of G-CSE!® In this
respect, a recent study showing that hematopoietic-specific inacti-
vation of nicastrin, a component of the y-secretase complex, results
in a cell-autonomous, but not in non—cell-autonomous, MPD
appears contradictory.”> This discrepancy could be attributed to
various factors, including the differences in the functions of the
targeted genes and the temporal and spatial differences in gene
disruption among these mutant lines. Analysis and comparison of
the serum cytokine profiles (especially those involved in hematopoi-
esis, including G-CSF) among these mutant mice should provide a
clue as to whether these Notch signaling—defective mice share a
common mechanism behind the MPD phenotype.

In conclusion, the present study further supports ADAMIO as
the relevant sheddase for Notch in vivo and reveals dimorphic
effects of ADAMI10 on granulopoiesis, in which ADAMI10 in
nonhematopoietic cells acts on granulopoiesis through regulation
of G-CSF production, whereas ADAM10 in hematopoietic cells
acts in a cell-autonomous and G-CSF-independent manner. In
addition, because disruption of Adaml0 can potentially block all
Noich signaling, the Adaml0f¥fex mice described herein may
serve as a useful tool for studying the functions of Notch signaling
in vivo.
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Osteoclasts are dispensable for hematopoietic stem cell maintenance and mobilization
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Introduction

Osteoid osteoma is a relatively common benign bone tumor
first described by Jaffe [1]. It most frequently arises in the
long bones and exhibits a characteristic X-ray appearance,
that is, a small radiolucent zone surrounded by reactive
circumferential sclerosis (nidus) [2, 3]. Nocturnal pain,
which can be alleviated by aspirin, is one of the charac-
teristic clinical manifestations of this bone tumor [4].
Although it is relatively rare, osteoid osteoma can also
arise in the intra-articular regions, and we found 14 such
cases arising in the knee joint in the literature [5—18].
Patients with intra-articular osteoid osteoma often present
with joint pain, intracapsular effusion, restricted motion,
and muscle atrophy in the affected limb, which can be
mistaken for more common entities, such as traumatic or
degenerative pathologies of the joint. Furthermore, X-ray
examination often fails to show the characteristic nidus that
is typically seen in extra-articular osteoid osteoma and
therefore can result in a delayed diagnosis. We herein
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present a case of intra-articular osteoid osteoma arising in
the knee joint, which was successfully treated by arthros-
copy, and review the reported cases of intra-articular
osteoid osteoma arising in the knee.

Case report

A 23-year-old woman with a 2-year history of left knee
pain visited our hospital. The pain was persistent even at
rest and worsened at night. The use of non-steroidal anti-
inflammatory drugs partially alleviated the pain. The
patient had visited several clinics and had been treated
conservatively; however, the treatments failed to improve
her symptoms. Her medical and family histories were
unremarkable. On physical examination, effusion and ten-
derness in the lateral side of the left knee were noted. The
left thigh muscle was highly atrophic, whereas the range of
motion remained intact. Laboratory findings revealed no
abnormality. Radiographs of the left knee showed a
radiolucent nidus-like lesion in the anterior distal femur
with ill-defined marginal sclerosis (Fig. !a, b). On mag-
netic resonance imaging (MRI), bone edema and a lesion
resembling synovitis were found (Fig. lc, d). Computed
tomography (CT) of the left distal femur revealed a small
cystic lesion approximately 8 mm in diameter in the
anterior aspect of the lateral femoral condyle (Fig. ie, f),
which was not apparent on the MRI. In addition, bone
scintigraphy revealed marked uptake in the distal femur but
not in other skeletal bones (Fig. 1g). Based on these find-
ings, we made a diagnosis of intra-articular osteoid oste-
oma arising in the distal femur and planned an arthroscopic
excision of the lesion.

Since the lesion was located in the anterolateral cortex
of the distal femoral metaphysis, a superolateral portal was
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Fig. 1 X-rays of the distal femur (a, b arrowheads). T1 (¢} and T2 (d) weighted MRI images. e, f CT images revealed the nidus in the lateral

condyle. g Technetium bone scintigraphy

used for arthroscopic instrumentation in addition to the
standard anteromedial and anterolateral portals. Under
arthroscopy, edematous hypervascularized synovium was
observed in the anterolateral aspect of the femur, adjacent
to the proximal border of the articular cartilage of patellar
groove (Fig. 2a). No abnormalities were seen in the
meniscuses or ligaments. After removal of the swollen
synovium, a lesion with osseous prominence was identi-
fied, which indicated the location of the nidus (Fig. 2b).
The underlying cortex was found to be edematous and
rough on the surface (Fig. 2c). A bone plug was harvested
using a surgical chisel from the lesion, approximately 2 cm
proximal to the border of the cartilage of the patellar
groove and 1 cm medial to the lateral edge of the femur
(Fig. 2d). The location was determined by reference to the
preoperative CT images (Fig. e, f). The bone tissue that
remained after the bone plug was removed contained
edematous bone and whitish calcified tissue, indicating that
the nidus had not been fully removed with the chisel.
Therefore, the lesion was further curetted carefully using a
chisel and a motorized burr (Fig. 2e, f). A complete
removal of the lesion was also confirmed by perioperative
radiography.

Pathological examination of the surgical specimen
confirmed the diagnosis of osteoid osteoma. The nidus
surrounded by sclerotic reactive bone was observed, and
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high magnification showed that the nidus was composed of
osteoid and woven bone lined by osteoblasts, and filled
with fibrous cells and vessels (Fig. 3a). The postoperative
course was uneventful, and the pain was relieved imme-
diately after the surgery (Fig. 3b). The defect appeared less
conspicuous on the X-ray 2 years after surgery (Fig. 3c).
At the 2-year follow-up point, the patient is asymptomatic
without any sign of recurrence.

Discussion

Osteoid osteoma is a benign osteoblastic tumor with a
distinctive histology characterized by vascular osteoid tis-
sue surrounded by sclerotic bone (nidus) {19]. Although
osteoid osteoma is typically found in the metaphysis and
shaft of long bones, it can arise in any part of the skeleton,
including in periarticular and intra-articular regions. Oste-
oid osteoma of the knee joint is relatively uncommon, and
our search of the literature turned up only 14 reported
cases. The diagnosis of intra-articular osteoid osteoma is
often difficult, and the time between the onset of the
symptoms and the final diagnosis can be quite long (see
Table 1). The reasons for the delayed diagnosis, in addition
to the rarity of this disorder in the joint, include its non-
specific clinical presentation, which resembles other more
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Fig. 2 Arthroscopic appearance of lesion. a Localized synovitis. b A lesion with osseous prominence (arrowheads). ¢ Bulging cortical bone
marked by abrader burr. d Bone plug harvested by surgical chisel. Additional resection with chisel (e) and abrader burr (f)

Fig. 3 Microscopy of specimen. a Nidus (arrowheads) surrounded by sclerotic reactive bone (arrows). Insert shows high-magnification view.
b Postoperative X-ray showing radiolucent defect in the distal femur (arrowheads). ¢ The defect 2 years after surgery (arrowheads)

common conditions, such as osteoarthritis and knee inju-
ries, and the comparatively less conspicuous sclerotic bone
lesion on X-rays compared with osteoid osteoma arising in
the bone shaft. On the other hand, characteristic nocturnal
pain alleviated by aspirin, a common and distinguishing
symptom in patients with regular (extra-articular) osteoid
osteoma, is seen in all the reported cases of osteoid oste-
oma arising in the knee joint, without exception [5-18].
Therefore, when a clinician encounters a young patient
with persistent nocturnal knee pain and without a history of
trauma, further clinical imaging may be advised, even if a
typical nidus or sclerotic lesion is not seen on X-rays. MRI
may be helpful in some cases, but bone and soft-tissue

edema, in addition to joint effusion in cases of intra-
articular osteoid osteoma, are frequent and may disguise
the nidus. Bone scintigraphy is highly sensitive for iden-
tifying osteoid osteoma; however, it is, in general, a non-
specific modality that gives a positive signal for any lesion
with abnormal bone formation and/or bone perfusion.
Therefore, it is mandatory to identify the nidus by CT
examinations, especially in cases of intra-articular osteoid
osteoma, in which the sclerotic lesion surrounding the
nidus is often inconspicuous by routine X-rays, to make the
correct diagnosis.

The treatments for osteoid osteoma in the knee joint
include open surgery [5, 7, 8], open surgery with
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Table 1 Summary of the reported cases of osteoid osteoma arising in
the knee joint ([4—17] and the current report; total = 15 cases)

Characteristics

Age of onset (average) 22.5 years old

Sex

Male 10 cases

Female 4 cases

Not described 1 case
Duration for diagnosis (average) 22.5 months
Symptoms

Nocturnal pain 15 cases

Limited ROM 5 cases

Joint effusion 2 cases

Atrophy of quadriceps muscle 6 cases
X-rays and laboratory examinations

Identification of nidus on X-rays 5 cases
Surgery

Arthroscopic resection 4 cases

Open surgery (cryoablation, 1 case) 4 cases

CT-guided resection (RFA, 1 case) 3 cases

Not described 4 cases
Recurrence/complications None

cryoablation [6], CT-guided radio-frequency ablation
(RFA) [10], CT-guided curette [9, 11], and arthroscopic
resection [12—14] (Table 1). Pain relief was immediate
upon removal of the lesion in all cases in the literature, and
there was no apparent difference in the clinical outcome
irrespective of the selected surgical treatment. Of note,
patients with a lesion arising in the femur were treated
either with arthroscopic excision or open surgery, but not
with CT-guided curette, while those with a lesion arising in
the tibia were all treated by CT-guided curette. Compared
with open surgery with or without cryoablation, it is evi-
dent that arthroscopic resection is less invasive and should
be considered when treating patients with osteoid osteoma
in the knee joint. However, a limitation in the availability
of portal sites and accessibility to the lesion may preclude
the wider application of arthroscopic excision.

CT-guided methods, either with RFA or curette, are also
relatively non-invasive and have a favorable clinical out-
come with a relatively low recurrence rate for osteoid
osteomas (RFA 5.5-11%, curette 5.1-12.5%) [3, 20].
However, CT-guided methods can have limitations: they
require assistance from a radiologist, and the procedure has
to be performed in a CT room (or a surgery room equipped
with a CT scan), which may not be available in all clinical
settings. RFA may also cause the degeneration of cartilage
when used to resect subchondral osteoid osteomas. Since
arthroscopic methods are more feasible in terms of equip-
ment availability, and since other lesions (such as meniscus
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injuries) that can cause joint pain can be examined and
treated during the same procedure, arthroscopic methods
are advantageous over CT-guided methods for cases of
articular lesion.

Recurrent pain due to incomplete excision is a rela-
tively common complication in patients with osteoid
osteoma. Bven with CT-guided methods, recurrent pain
occurs in 5-24% of the cases [21, 22]. Other complica-
tions, including osteomyelitis, fracture, and skin burn,
are also occasionally observed in patients treated with
CT-guided methods (1.7-12.5% of cases) [21, 23-25].
Although to date there are far fewer reported.cases in
which arthroscopic excision was used compared with
CT-guided methods, none of the patients treated with
arthroscopic excision required further treatment or expe-
rienced serious complications. Therefore, arthroscopic
excision is at least as effective as CT-guided methods for
identifying and removing the lesion. The reason for this
favorable outcome is not yet clear, but it may be because
arthroscopic methods usually allow the surgeon to visu-
alize the lesion in detail, thereby making the complete
removal of the symptomatic nidus easier, without causing
damage to the surrounding tissue, compared with other,
conventional methods.

The diagnosis of osteoid osteoma, as we have discussed,
is often difficult, especially in cases in which typical fea-
tures are obscured on clinical images. Sans et al. [24]
reported that, of 38 cases that were initially diagnosed as
osteoid osteoma on clinical images and treated by
CT-guided curettage, pathological examination resulted in
a different diagnosis for six of them, including mucoid
cysts, fibrous dysplasia, fibromucoid lesion, focal osteo-
chondritis, and osteomyelitis. A definite diagnosis of
osteoid osteoma, therefore, cannot be made solely on the
basis of clinical images, and pathological examination is
also required. However, it is often difficult to obtain a large
enough specimen for pathological diagnosis by using
CT-guided methods.

According to the reported summaries of osteoid osteoma
cases treated with CT-guided methods, a definite patho-
logical diagnosis was achieved in only 36-79% of them,
depending on the cases included [21, 26]. On the other
hand, as shown in our case, surgical specimens can be
straightforwardly obtained in arthroscopy-assisted meth-
ods, since the location of the lesion can be directly con-
firmed arthroscopically during the procedure. This is
another advantage of arthroscopy-assisted over CT-assisted
methods or other methods that involve the in situ
destruction of the lesion (either by RFA or open surgery
with cryoablation). Nevertheless, given the paucity of
clinical data on arthroscopic excision, further studies will
be necessary to determine whether (and under what con-
ditions) this method should be the clinical modality of
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choice for treating intra-articular osteoid osteoma in the
knee joint.

In summary, here we presented a case of osteoid oste-
oma arising in the knee joint that was successfully treated
with arthroscopic excision. Although the diagnosis of intra-
articular osteoid osteoma is often challenging, with a
careful history questionnaire and the knowledge that
articular osteoid osteoma frequently lacks the characteristic
sclerotic lesion and nidus on plain X-rays, a correct diag-
nosis can be achieved. The clinical value of arthroscopic
excision for osteoid osteoma arising in the knee joint is not
yet conclusive; however, our case and others suggest that
this option should be considered, especially for lesions
arising in the femoral condyle, where arthroscopy can be
performed without difficulty.
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Natural evolution of desmoplastic fibroblastoma
on magnetic resonance imaging: a case report
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Abstract

Introduction: Desmoplastic fibroblastoma (collagenous fibroma) is a recently described tumor thought to arise
predominantly from subcutaneous tissue or skeletal muscle. The natural evolution of this tumor on magnetic
resonance imaging has never been described, to the best of our knowledge. We herein report a case of
desmoplastic fibroblastoma arising in the thigh and show the longitudinal magnetic resonance imaging findings.

Case presentation: A 60-year-old Japanese man presented with swelling of the medial side of his right thigh, and
he complained of nighttime pain and slight tenderness. Magnetic resonance imaging demonstrated a 4 X 4 cm mass
in the right thigh. Open biopsy was performed. The mass was diagnosed histologically as a benign fibrous tumor,
and we maintained follow-up without surgical therapy. After one year, magnetic resonance imaging showed an
increase in tumor size to 4 X 5 cm, but the histologic findings were the same as those obtained one year earlier.
Resection was performed with narrow surgical margins. Pathologic diagnosis was desmoplastic fibroblastoma. Two
years after surgery, the patient is free from pain and shows no signs or symptoms of recurrence.

Conclusion: The natural evolution of desmoplastic fibroblastoma is characterized by no changes in patterns on
magnetic resonance imaging despite increasing size. This finding is clinically helpful for distinguishing desmoplastic
fibroblastoma with increasing pain from the desmoid tumor.

Introduction

In 1995, Evans [1] first described desmoplastic fibroblas-
toma, a unique fibrous soft tissue tumor comprising
spindle-shaped to stellate fibroblastic cells sparsely dis-
tributed in a dense fibrous background. This tumor,
alternatively called collagenous fibroma (2], was clinically
and morphologically distinct, as well as completely
benign in previously reported series. Details of magnetic
resonance imaging (MRI) findings for this tumor have
been described for three cases [3,4], but the natural evo-
lution of this tumor has never been described. Here, we
present the natural evolution of this tumor on MRIL

Case presentation

A 60-year-old Japanese man presented with swelling of
the medial side of his right thigh and complained of
night pain and slight tenderness. Palpation disclosed a
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Shinjuku-ku, Tokyo 160-8582, Japan

Full list of author information is available at the end of the article
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hard, well-circumscribed, mobile tumor. Otherwise
healthy, he had no history of trauma to the thigh. The
results of routine laboratory studies were normal.

MRI demonstrated a 4 x 4 cm mass in the right thigh,
occupying a space between the vastus medialis, sartorius
and semimembranosus muscles (Figure 1A, B). Open
biopsy was performed. Because the mass was diagnosed
histologically as a benign fibrous tumor, we maintained
follow-up without surgical therapy. After one year, MRI
showed an increase in tumor size to 4 x 5 cm. T1-
weighted images characterized the mass as well-circum-
scribed and inhomogeneous, with signals predominantly
isointense with muscle, but including several areas of
low signal intensity (SI) (Figure 2A). On T2-weighted
images, the mass predominantly showed low SI with
scattered high-SI areas (Figure 2B). These MRI findings
were the same as those obtained one year previously
except for tumor size. T1-weighted images after contrast
agent administration revealed heterogeneous enhance-
ment of the lesion. Nonenhanced areas corresponded to
regions with low SI on noncontrast T1-weighted images

© 2011 Kamata et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Figure 1 Magnetic resonance imaging findings, July 2001. A)
Axial T1-weighted image (TR/TE: 500/14) showing a 4 x 4 cm, well-
circumscribed, inhomogeneous mass as- predominantly isointense
with muscle containing areas of low signal intensity (SI). B) Axial T2-
weighted image (TR/TE: 4000/105) showing scattered areas of high

SI within low overall Si.

(Figure 2C). Based on this growth, with pain and
enhancement of the lesion, resection was performed
with narrow surgical margins; the tumor adjoined the
vastus medialis, sartorius and semimembranosus mus-
cles and was adjacent to Hunter’s canal with fibrous
adhesion to the adductor magnus tendon.

Pathologically, the tumor showed well-circumscribed
borders and low vascularity (Figure 3A). Spindle-shaped
and stellate fibroblastic cells were sparsely distributed in
a dense fibrous background. In some myxocollagenous
areas, cellularity was greater than in the fibrous area
(Figure 3A, B). No mitotic figures were seen. The patho-
logic diagnosis was desmoplastic fibroblastoma.

At the most recent follow-up examination two years
after surgery, the patient was free from pain and showed
no signs or symptoms of recurrence.

Discussion
Evans [1] used the designation desmoplastic fibroblas-
toma when he described seven patients having masses
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with distinct morphologic characteristics. Subsequently,
Nielsen et al. [2] reported seven other cases and pro-
posed that the tumor be renamed collagenous fibroma,
arguing that desmoplastic fibroblastoma misleads the
reader into believing that the lesion consists of imma-
ture tumor cells inducing a desmoplastic response in
host tissues.

These neoplasms typically occur in the fifth or sixth
decades of life and occur two and a half times more often
in men than women. Clinically, desmoplastic fibroblas-
toma presents as a firm, mobile, slowly growing mass
located in subcutaneous tissue or near the deep aspect of
skeletal muscles. Common locations include the arm,
shoulder, posterior neck and upper back [1-8]. Few pre-
vious reports have described tumors arising in the thigh
[1,2,6,8]. In the present patient, the tumor appeared to
arise from the fascia of the thigh muscles. Such tumors
located in the intermuscular space have not been
described. The mass is usually painless; however, our
patient complained of pain, as have those in some pre-
vious reports [3,5,6]. In our case, location of the tumor
adjacent to Hunter’s canal may have contributed to pain
by compressing the saphenous nerve in the canal.

Previous authors recommended treatment of desmo-
plastic fibroblastoma by total surgical excision. No
tumor recurrence during follow-up has been reported,
including the present case.

On MRI, T1-weighted images of the mass depicted a
mixture of low SI and isointensity. With T2-weighting,
the mass showed scattered high-SI areas within a zone
of low SI. Contrast T1-weighted images demonstrated
inhomogeneous enhancement after contrast administra-
tion, and nonenhanced areas corresponding to regions
showing low SI on noncontrast T1-weighted images.
The size of the tumor increased over the course of one
year, but the MRI findings of the tumor showed no
changes.

in precontrast T1-weighted images.

Figure 2 Magnetic resonance imaging findings, April 2002. A) Axial T1-weighted image (TR/TE: 500/8.6) showing an increasing size and the
same pattern as one year previously. B) Axial T2-weighted image (TR/TE: 4000/104) showing the same ratio of high signal intensity (SI) area as in
previous images. C) Axial postcontrast T1-weighted image (TR/TE: 500/8.6) showing nonenhanced areas that correspond to those showing low Si
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Figure 3 Pathologic findings (hematoxylin and eosin stain). A)
Low-power photomicrograph of the tumor demonstrating fibrous
and myxocollagenous areas. The tumor border is well defined.
Fibrous area demonstrates wavy and dense collagen fibers.
Cellularity is very low, consisting of spindle-shaped and stellate
tumor cells. B) High-power photomicrograph of the area showing a
myxocollagenous stroma, demonstrating benign-appearing spindle
cells presenting higher cellularity than in the fibrous area.

Several reports have described the MRI appearance of
this tumor, but in only three cases have MRI findings
been described in detail [3,4], and those findings have
varied. T1-weighted findings were described as having
diverse SI, low SI compared with muscle, scattered iso-
intense areas [4], and isointense areas with scattered
areas of low and high SI [3]. T2-weighted findings also
have varied among cases, including high-SI areas with
small low-SI areas [4] and low-SI areas with small high-
SI areas [3]. Postcontrast T1-weighted images have only
been described in two cases. They showed enhanced
areas within areas of low SI, and enhanced areas showed
strong enhancement in one case, with inhomogeneous
enhancement seen in the other case [3,4].

In previous reports, the relationship between MRI
findings and histologic findings has been described. On
T2-weighted images, low-SI areas correspond to abun-
dant collagen fibers [3,4,9], and high-SI areas showing
marked enhancement on contrast T1-images correspond
to those histologically consisting of fibroblasts and loose
collagen fibers [4]. On T1-weighted images, low-SI areas
represent areas with low cellularity and abundant col-
lagen fibers [3].

These reports indicate that MRI findings vary among
and within individual tumors because of the variable
cellularity.

Evans [1] suggested that the most significant differen-
tial diagnostic consideration was desmoid tumor because
it may have similar cytologic features and is often locally
aggressive.

On the other hand, Marco et al. [10] reported that
desmoplastic fibroblastoma is a myofibroblastic lesion
ultrastructurally demonstrating the presence of fibro-
nexus junctions; markers of myofibroblastic differentia-
tion, typically present on the cytoplasmic membrane of
the cells, while desmoid tumor is fibroblastic. This

Page 3 of 4

ultrastructural finding is important in the differential
diagnosis between desmoplastic fibroma and desmoid
tumor.

Details of imaging studies of desmoid tumors have
been well documented in previous reports [11-13], and
the margins of the tumor are mostly ill defined. How-
ever, some MRI findings of desmoid tumor are similar
to those of desmoplastic fibroblastoma [11,12]. Several
reports have described desmoid tumors as resulting in
pain [14], and Agrawal et al. [15] reported an increasing
desmoid tumor with pain. When desmoplastic fibroblas-
toma increases with pain, such as in our case, the tumor
needs to be distinguished from desmoid tumor.

The natural evolution of desmoid tumor has been
documented [13], but that of desmoplastic fibroblastoma
has not been previously reported. Vandevenne et al. [13]
described the MRI findings of the natural evolution of
desmoid tumors. Desmoid tumors showing high SI on
T2-weighted images tend to increase in size. Subse-
quently, they show an increase in areas of low SI on T2-
weighted images. Finally, they acquire an overall low SI
both on T1- and T2-weighted images and decrease in
size. In contrast, the MRI findings of desmoplastic fibro-
blastoma in our case showed an increase in tumor size,
with the same pattern: mainly low SI on T1-weighted
images. The follow-up period of one year and the two
sets of MRIs may not be sufficient to understand the
true behavior of slow-growing tumors, such as desmo-
plastic fibroblastoma. Clinically, however, changes in
MRI findings provide important information in distin-
guishing between aggressive and slow-growing tumors.

Conclusion

This case study has described the MRI findings of des-
moplastic fibroblastoma in relation to its natural evolu-
tion. The natural evolution of desmoplastic
fibroblastoma is characterized by no change in patterns
on MRI despite increasing size. This finding is clinically
helpful for distinguishing desmoplastic fibroblastoma
with increasing pain from desmoid tumor.
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Abstract

In two patients with primary bone lymphoma (PBL) treated in our clinic, serum levels of
soluble interleukin-2 receptor (sIL-2R) reflected the clinical course. In both cases, slL-2R
levels were high before treatment and normalized with the therapeutic effects of
chemotherapy, coinciding with the changes in lactate dehydrogenase levels and
radiographic findings. Adding to the recently reported results of the diagnostic ability of
siL-2R in PBL, our case study highlights the clinical significance of serum siL-2R levels as a
tumor marker in PBL cases.

Introduction

Primary bone lymphoma (PBL) is an extremely rare malignant bone tumor. Patients
with bone lesions usually visit rheumatology, orthopedic, or primary care clinics. Such
clinicians should be reminded of the possibility of PBL when suspecting malignant bone
tumors. Radiological diagnosis of PBL is often difficult because of its non-specific
findings. Therefore, laboratory findings that help differentiate PBL from other primary
bone tumors can play an important role. Serum soluble interleukin-2 receptor (sIL-2R)
levels in patients with common primary malignant bone tumors except PBL were
reported not to be significantly elevated compared to those in healthy subjects in previous
reports [1, 2]. Recently, Akahane et al. (3] reported sIL-2R levels being significantly higher
in PBL than in other malignant bone tumors and benign bone tumors/tumor-like lesions
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and commented that the sIL-2R level is a valuable marker for diagnosing PBL. However,
we were not able to find reports discussing the changes in serum sIL-2R levels during the
clinical course in PBL. In this report, we present two PBL cases who had high serum levels
of sIL-2R on presentation and normalized serum levels after the treatments. We show the
clinical course of the two PBL patients and discuss the possible clinical significance of sIL-
2R levels in PBL.

Case Report

Case 1

In May 2007 a 52-year-old man visited the National Hospital Organization Tokyo Medical Center
(NTMC) with left buttock pain which had lasted for 6 months. X-ray and computed tomography (CT)
tests were performed. The radiograph showed osteosclerotic and osteolytic changes in the wing of the
ileum and the acetabulum (fig. a). A pathological fracture was observed in the acetabular roof. On CT
imaging, we found expanded soft tissue around the ileum (fig. 1b). Bone scintigraphy showed highly
increased accumulation of 99mTc-HMDP in the left acetabulum and indicated sole bone lesion. A
whole-body CT scan and gallium scan revealed no evidence of visceral or lymph node involvement.
From these results, a solitary primary malignant bone tumor was suspected.

Case 2

In August 2006, a 67-year-old man with a 1-month history of right hip pain visited the NTMC due
to difficulty in walking. The radiograph showed osteolytic change in the acetabulum (fig. 1c). CT
imaging showed moth-eaten pattern of destruction of the anterior part of the acetabulum and expanded
soft tissue (fig. 1d). A whole-body CT scan, and bone and gallium scans were carried out. The scans
revealed a solitary bone lesion. Thus, primary bone tumor of the right acetabular roof was suspected.

In both cases, laboratory tests at hospitalization showed high levels of serum sIL-2R [case 1: 2,880
U/ml, case 2: 1,140 U/ml (reference value: 188-570 U/ml)] and slightly elevated levels of lactate
dehydrogenase (LDH) [case 1: 263 U/], case 2: 241 U/1 (reference value: approx. 119-229 U/1)]. The
open biopsies of the tumors demonstrated proliferation of abnormal lymphoid cells.
Immunohistochemistry revealed positive staining for CD20 and leukocyte common antigen, and was
negative for CD3. Thus, both cases were diagnosed as PBL (diffuse large B-cell lymphoma). According
to the Ann Arbor staging system, both localized bone lesions were regarded as stage I. The
chemotherapy [R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone); case
1: 8 courses, case 2: 6 courses] was performed under the supervision of the hematology department.

In case 1, osteosclerotic changes increased and the pathological fracture line became unclear in
radiographic images after the chemotherapy (fig. 2a). New bone formation and increased osteosclerosis
around the acetabulum as well as intrapelvic migration of the femur head were recognized in case 2 (fig.
2b). In both cases, soft tissue mass around the affected bone lesions was obviously decreased after
treatment, as seen on CT images (fig. 2¢, d). These radiological findings indicated the regression of
pelvic bone lesions after treatment. Serum sIL-2R levels and LDH levels were normalized in both cases
(fig. 3a, b), and linked with radiological therapeutic response of the affected bones.

Discussion

PBL is an extremely rare bone tumor; its frequency is considered to be about 3-7% of
all primary malignant bone tumors, approximately 3% of all extranodal lymphomas, and
less than 1% of all malignant lymphomas [4-7]. According to WHO classification, PBL
can be categorized into two groups as follows: group I, lymphoma involving a single
skeletal site, with or without regional lymph-node involvement, and group 2, lymphoma
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