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vector containing glutathione-S-transferase (GST) epitope-
tagged anamorsin and selected in the presence of 500
pg/ml G-418 as described previously (Choi et al. 2004).
Cells were seeded at a density of 4 x 10* cells or I x 10°
cells on 25 pg/ml poly-p-lysine (Sigma)-coated aclar film
in 4-well culture dishes (NUNC) or P-100 dishes (SPL),
respectively. Cells were maintained in an atmosphere of
10% CO, for 3 days in Dulbecco’s Modified Eagle’s
Medium (Sigma) supplemented with 10% heat-inactivated
fetal bovine serum (Gibco). Cells were subsequently
switched to serum-free N2 medium in the presence or
absence of the indicated drugs, including 100 uM 6-OHDA
(Sigma), 1 uM staurosporine (STS; Sigma), 1.2 mM
hydrogen peroxide (Calbiochem), 250 uM cupric chloride
(Sigma), 200 puM zinc chloride (Sigma), and 500 pM fer-
rous chloride (Sigma). If necessary, cells were treated with
5 ng/ml leptomycin B (Sigma) alone or in combination
with 100 pM 6-OHDA.

Measurement of ROS

MNO9D cells were incubated with or without 100 pM
6-OHDA for 12 hor 1 pM STS for 12 h. Cells were incu-
bated with 3 pM 5-(and-6)-chloromethyl-2’,7’-dichlor-
odihydrofluorescein diacetate acetyl ester (CM-H2 DCFDA;
Molecular Probes) for 30 min at 37°C and washed twice
with phosphate-buffered saline (PBS). Stained cells
were visualized under an Axio Observer A1 Microscope
equipped with epifluorescence and a digital image analyzer
(Carl Zeiss).

Stereotaxic surgery and tissue processing

All surgical procedures were conducted in complete
accordance with approved animal protocols and guidelines
established by Institutional Animal Care and Use
Committee (IACUC) at Yonsei University. Male Sprague—
Dawley rats (9-weeks-old, 280-300 g; Orient, Suwon,
Korea) were housed in a temperature-controlled chamber
and maintained at 22 4 2°C with a 12-h light-dark cycle
and free access to food and water. The stereotaxic surgical
procedures were performed as previously described with
some modifications (Lee et al. 2008). Briefly, rats were
anesthetized with chloral hydrate (360 mg/kg, i.p.) and
received a unilateral injection of 4 pl 6-OHDA (5 pg/pl in
0.2 mg/ml ascorbate-saline; Sigma) or vehicle-only at a
rate of 0.5 pl/min into the right striatum (coordinates,
anteroposterior, 0.0; mediolateral, +2.0; dorsoventral,
—5.5 from the bregma). Two to three rats were assigned to
each condition in one experiment. All injections were
performed with a Hamilton syringe equipped with a
30S-gauge beveled needle attached to a syringe pump (KD
Scientific, New Hope, PA). After injection, the needle was

left in place for an additional 5 min before a slow retrac-
tion. For tissue processing, animals were perfused tran-
scardially with a saline solution containing 0.5% sodium
nitrate and heparin (1,000 U/ml) prior to fixation with 4%
paraformaldehyde (EMS) dissolved in 0.2 M phosphate
buffer. Brains were removed and post-fixed overnight in
4% paraformaldehyde at 4°C, incubated in a 30% sucrose
solution for 2-3 days at 4°C until they sank, and frozen
sections were cut on a sliding microtome into 30-pum-thick
coronal sections. Sections were processed for immunohis-
tochemical analyses for tyrosine hydroxylase (TH) alone or
in combination with anamorsin as described below.

Immunohistochemistry and cytochemistry

For immunohistochemical localization of TH, tissue
sections were permeabilized in 0.2% Triton X-100 (Sigma,
T8787) in 0.2 M phosphate buffer at RT for 1 h, blocked in
3% BSA in 0.2 M phosphate buffer at RT for 15 min, and
then incubated overnight at 4°C with mouse monoclonal
anti-TH (1: 2,000) alone or in combination with rabbit
polyclonal anti-anamorsin (1:500) from Labfrontier (Seoul,
Korea) which has the same target sequences (anamorsin 2;
CRVTGKKPNFEVGSSSQ) as previously described (Shi-
bayama et al. 2004). For immunocytochemical localization
of anamorsin following drug treatment, cells were fixed with
4% paraformaldehyde in PBS (Lonza) at RT for 20 min,
incubated for 1h in a blocking buffer containing 0.2%
Triton X-100 and 5% normal goat serum (Invitrogen) in
PBS, and immunostained with rabbit anti-anamorsin anti-
body (1:500) or rabbit anti-GST antibody (Santa Cruz;
1:200) overnight at 4°C. After extensive washes with PBS,
tissue sections and cells were further incubated at RT for 1 h
with appropriate secondary antibodies, including biotinyla-
ted goat anti-mouse IgG (Vector Laboratories; 1:1,000),
Alexa Fluor 546-conjugated goat anti-mouse IgG, and Alexa
Fluor 488-conjugated goat anti-rabbit IgG (Molecular
Probes; 1:200). For nuclear staining, tissue sections and cells
were incubated at RT for 10 min with Hoechst 33258
(Molecular Probes; 1 pg/ml). Slides were mounted with
Vecta Shield mounting medium (Vector Laboratories) and
observed under a confocal microscope equipped with an
epifluorescence and digital image analyzer (LSM 510
META, Carl Zeiss).

Cellular fractionation and immunoblot analysis

Following drug treatment, MN9D cells were fractionated
into cytosolic and nuclear fractions using the digitonin
method as previously described with some modifications
(Eboue et al. 2003). For tissue lysates, various brain regions
and peripheral organs were dissected from each of three
Sprague-Dawley rats and solubilized in lysis buffer (50 mM
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Tris, pH 8.0, 2 mM EDTA, 1% Triton X-100, and protease
inhibitor cocktail) with sonication and centrifuged at
15,000 rpm at 4°C for 20 min. Lysate protein levels were
quantified using the Bradford protein assay reagent
(Bio-Rad). Equal amounts of soluble proteins were
separated on 11.5% or 12.5% sodium dodecy] sulfate (SDS)-
polyacrylamide gels and blotted onto a pre-wet polyvinyli-
dene fluoride membrane (Pall Corp). Membranes were then
probed with rabbit anti-anamorsin antibody (1:1,000). Both
rabbit anti-nucleolin antibody (Santa Cruz; 1:1,000) and
goat anti-lamin antibody (Santa Cruz; 1:1,000) were used for
nuclear markers, while goat anti-SOD1 antibody (Santa
Cruz; 1:1,000) was used for the cytosol marker. For the
loading control, rabbit anti-actin antibody (Sigma; 1:3,000)
and mouse anti-GAPDH antibody (Millipore; 1:3,000) were
used. After extensive washes with Tris-buffered saline
containing 0.1% Tween-20 (TBST), cells were incubated
with the appropriate secondary antibodies, including
horseradish peroxidase-conjugated donkey anti-goat IgG

(Abcam; 1:20,000), goat anti-mouse IgG (Santa Cruz;
1:3,000), and goat anti-rabbit IgG (Santa Cruz; 1:3,000).
Specific bands were visualized by enhanced chemilumi-
nescence (ECL; Amersham Bioscience).

Results and discussion

Tissue distribution patterns of anamorsin mRNA
and protein

A previous study showed that anamorsin is ubiquitously
distributed both in fetal and adult tissues as determined by
immunohistochemistry (Hao et al. 2006). In the present
study, we focused the developmental distribution and
expression patterns of anamorsin mRNA in mouse and
expression levels of anamorsin protein in adult rat tissues. At
first, in situ hybridization using radiolabeled antisense ribo-
probes (probe #1: 409-909, probe #2:361-670) indicated that

@  Negativecontrol b # #2 c # #2
E16 | o,
E18
: Ad-S
E18
AdH | |
P7 Ad-C
Ad-S
P14
P21

Fig. 1 Anamorsin mRNA expression in mouse tissues. In situ
hybridization was performed on various sections of mouse tissues
using *°S-labeled riboprobes that target the sequences encompassing
409-909 (probe #1) and 361-670 (probe #2). Tissue sections were
hybridized with a sense probe or b, ¢ antisense probe of anamorsin.
a The specificity of the antisense cRNA probe was determined by the
sense version of each riboprobe. Data represent typical negative
controls of sense probe #1 obtained from a midsagittal section of the
whole body at embryonic day 18 (E18), a horizontal section of adult
brain (Ad-H), and a sagittal section of adult brain (Ad-S). Similar
negligible signals were also detected using both sense probes from
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brains at postnatal days 7 (P7), 14 (P14), and 21 (P21), and a coronal
section of adult brain (Ad-C; data not shown). b From embryonic to
postnatal tissue sections, both antisense probes showed a similar
expression pattern of anamorsin mRNA in various regions of the
central nervous system, including the cerebral cortex (Cx), olfactory
bulb (OB), hippocampus (Hc), thalamus (7h), midbrain (Mb),
cerebellum (Cb), pons (Ps), medulla oblongata (MO), and spinal
cord (SC). ¢ Quite similar expression patterns were obtained in three
different sectional planes of adult brain. Data are representative
images of three independent experiments
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the expression of anamorsin mRNA was widespread in var-
ious regions of the CNS, although its mRNA expression
levels appeared to be higher in embryonic tissues than in
neonatal tissues (Fig. 1), including the cerebral cortex,
olfactory bulb, hippocampus, thalamus, midbrain, cerebel-
lum, pons, medulla, and spinal cord. On embryonic days
16-18, mRNA expression levels in most regions of the
developing CNS were higher than in peripheral organs,
including the intestine and heart (Fig. 1b). All of the
horizontal, sagittal, and coronal sections of the adult brain
demonstrated a widespread expression of anamorsin mRNA
(Fig. Ic). Although similar expression patterns of anamorsin
mRNA were seen using an antisense probe encompassing
nucleotides of 625-927, we did not use this probe for further
study due to its weak signal (data not shown). Specificity of
the anamorsin mRNA signals was confirmed by comparison
with negligible signals on tissue sections hybridized with
sense probes (Fig. la). For examining protein expression
levels of anamorsin in adult rat tissues, we first carried out
immunoblot analyses and compared anamorsin expression
levels among several peripheral organs, whole brain, and
spinal cord. As shown in Fig. 2a, expression levels of an-
amorsin were much higher in both brain and spinal cord than
in most of the peripheral organs including heart, liver, small
intestine, kidney, and skeletal muscle. Especially, expression
levels of anamorsin in the small intestine, skeletal muscle,
and kidney were very low. On the other hand, some of the

peripheral organs including the stomach, spleen, and
pancreas expressed higher levels of anamorsin. In good
accordance with distribution patterns and expression levels
of anamorsin mRNA in adult mouse brain, anamorsin protein
in rats was widely distributed in many different parts of the
brain with similar expression levels (Fig. 2b). It seemed that
anamorsin protein was also widely distributed in various
parts of the C57BL mouse brain with similar expression
levels. These included the cortex, hippocampus, and
cerebellum (data not shown). Although it has not been
studied, the widespread distribution of anamorsin in fetal,
neonatal, and adult brain tissues implies that anamorsin may
play important roles in the CNS.

Nuclear translocation of anamorsin following
6-hydroxydoapmine (6-OHDA) treatment

Anamorsin was originally identified as a cytokine-induced
anti-apoptotic molecule; its forced expression confers
resistance to apoptosis caused by growth factor deprivation
in vitro (Shibayama et al. 2004). Subsequent to this early
study, underlying protective mechanisms of anamorsin were
proposed by others, although they are still largely unclear
(Li et al. 2007, 2010; Vernis et al. 2009). With regard to its
subcellular localization in normal tissues, Hao et al. (2006)
demonstrated that anamorsin was localized in both the
cytoplasm and nucleus. Prediction of the subcellular
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Fig. 2 Expression of anamorsin protein in rat brain. Immunoblot
analyses were conducted using tissue lysates obtained from various
body regions of the adult rat. Equal amounts of soluble proteins
(30 pg) harvested from a various regions of the organs and b various
regions of the brain were subjected to 12.5% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotted
with rabbit anti-anamorsin antibody. Both mouse anti-GAPDH and
rabbit anti-actin antibodies were used as internal loading controls. The

numbers under the blot represent ratios of anamorsin/GAPDH.
Specific bands were visualized by enhanced chemiluminescence after
incubation with the horseradish peroxidase-conjugated secondary
antibody. While anamorsin was widely expressed in various regions
of the brain, relatively higher expression levels of anamorsin were
detected in the brain and spinal cord compared those in the heart,
liver, small intestine, kidney and skeletal muscle. Blots are represen-
tative of at least two independent experiments
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localization of anamorsin using PSORTII analysis program
indicated that anamorsin is mainly localized to the nucleus
and, to a lesser extent, in the cytosol, mitochondria, and
peroxisome (Li et al. 2010). However, its subcellular
localization and potential role in the CNS have not yet been
determined. Furthermore, it has not been established
whether the subcellular localization of anamorsin can be
altered under apoptotic conditions. Therefore, we examined
the subcellular localization of anamorsin in dopaminergic
neuronal cells both before and after treatment with apopto-
sis-inducing drugs. Based on our previous studies demon-
strating that both a prototypic apoptosis-inducing drug, STS,
and a dopaminergic neurotoxin, 6-OHDA, induce caspase-
dependent apoptosis in MN9D dopaminergic neuronal cells
and in primary cultures of both cortical and dopaminergic
neurons (Choi et al. 1999, 2004; Han et al. 2003a, b;
Kim et al. 1999; Oh et al. 1997), we conducted an

Fig. 3 Nuclear translocation of a
anamorsin in MN9D cells

following 6-hydroxydopamine

(6-OHDA) treatment.

a Measurement of levels of

reactive oxygen species was

carried out using a hydrogen
peroxide-sensitive fluorescent

probe, CM-H2 DCFDA (DCF)

in MN9D dopaminergic

neuronal cells following

treatment with or without

100 uM 6-OHDA and 1 pM

staurosporine (STS) for 12 h. b
Increased DCF-positive cells
were detected in wells treated
with 6-OHDA but not in wells
treated with STS.

b Immunocytochemical
localization of anamosin in
drug-treated MN9D cells was
performed. Twelve hours after
drug treatment, cells were fixed
in 4% paraformaldehyde and
subsequently incubated with
rabbit anti-anamorsin antibody
followed by incubation with
Alexa 488-conjugated goat
anti-rabbit IgG antibody.
Nuclear staining was done with
Hoechst dye. Confocal
photomicrographs are
representative of at least three
independent experiments.
Merge views indicate nuclear
translocation of anamorsin
following 6-OHDA but not STS
treatment. We adjusted the
background signals by using
MetaMorph program

DCF

Anamorsin

Hoechst

Merge
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immunocytochemical localization of endogenous anamor-
sin in MNOD cells treated with either drug. As previously
described in our studies and shown in Figs. 3a, 6-OHDA, but
not STS, induced a surge of ROS in MNO9D cells. As shown
in Fig. 3b, anamorsin was primarily localized to the cytosol
and, to a lesser extent, to the nucleus prior to drug treatment.
However, anamorsin was translocated into the nucleus
following 6-OHDA treatment. Intriguingly, STS did not
cause any discernible nuclear translocation of anamorsin,
suggesting that it is a ROS-dependent event. Since the
molecular weight of anamorsin is approximately 33 kDa, it
may passively diffuse from the cytosol to the nucleus
through the nuclear pore complex (Capelson and Hetzer
2009; Weis 2007). To eliminate this possibility, we con-
structed a vector containing anamorsin with a C-terminal
glutathione-S-transferase (GST) tag to increase the
theoretical size of anamorsin and establish a stable cell line

6-OHDA STS

100 pm

6-OHDA STS
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Fig. 4 Nuclear translocation of glutathione-S-transferase (GST)-
tagged anamorsin in MNOD cells following 6-OHDA treatment.
MNO9D cells stably expressing GST-tagged anamorsin were estab-
lished and treated with or without 100 pM 6-OHDA for the indicated
times. Following drug treatment, cells were subjected to immunocy-
tochemical analyses using rabbit anti-GST antibody followed by
incubation with Alexa 488-conjugated goat anti-rabbit IgG. Nuclear
staining was done with Hoechst dye. The signals observed by

in MN9D cells. As shown in Fig. 4, both the confocal
micrographs and their analyses indicate that 6-OHDA
treatment leads to the nuclear translocation of the GST-fused
anamorsin in a time-dependent manner, suggesting an active
transport process.

To further validate the immunocytochemical data and to
indirectly evaluate whether nuclear transport of anamorsin
can be regulated by the nuclear transport complex, immu-
noblot analyses were performed using soluble proteins
harvested from the nuclear fractions following the indicated
drug treatment. Consistent with immunocytochemical
localization analyses (e.g., Figs. 3, 4), we observed that
6-OHDA treatment resulted in a time-dependent transloca-
tion of anamorsin into the nuclear fraction (Fig. 5a, right
panel). In contrast, STS did not cause any discernible
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confocal microscopy were analyzed with a digital image analyzer for
a the entire cell or b nucleus only. Graphs below micrographs
represent the intensities of the anamorsin (green lines) and nuclear
(blue lines) signals from the cross-sectional area marked by a white
arrow. The time-dependent nuclear translocation of GST-tagged
anamorsin was observed among 25 randomly selected 6-OHDA-
treated cells from three independent experiments

changes at any time. Leptomycin B (LMB), initially dis-
covered as an anti-fungal antibiotic, is a secondary metab-
olite produced by Streptomyces (Hamamoto et al. 1983).
Among its many other proposed functions, LMB was dem-
onstrated to be a potent and specific nuclear export inhibitor
(Ferraiuolo et al. 2004; Katayama et al. 2010; Neary and
Pastorino 2010; Nishi et al. 1994). LMB can alkylate and
inhibit chromosomal region maintenance (CRM1)/exportin
1, which is critical for the nuclear export of RNA and pro-
teins containing a nuclear export sequence. We, therefore,
conducted immunoblot analyses to determine whether LMB
could regulate the nuclear translocation of anamorsin under
both normal and 6-OHDA treatment conditions. As shown
in Fig. 5b (right panel), higher levels of anamorsin accu-
mulated in the nuclear fraction of MN9D cells treated with
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Fig. 5 Immunoblot analyses of anamorsin in nuclear fractions of
MNOD cells following drug treatment. a MNOD cells were treated
with or without 100 pM 6-OHDA and 1 pM STS for the indicated
times. Equal amounts of the total and nuclear fraction samples
(30 pg) were subjected to 12.5 and 11.5% SDS-PAGE, respectively,
and subsequently immunoblotted with rabbit anti-anamorsin anti-
body. Rabbit anti-nucleolin antibody and goat anti-SOD1 antibody
were used for nuclear and cytosolic fraction markers, respectively.

LMB. In MN9D cells treated with 6-OHDA, co-treatment
with LMB accelerated the rate of the 6-OHDA-induced
nuclear accumulation of anamorsin. We observed that LMB,
either alone or in combination with 6-OHDA, itself did not
lead to an increase in total anamorsin levels in MNOD cells
(Fig. 5, left panel); our data, therefore, suggest that
anamorsin may be constantly trafficking into and out of the
nucleus and that 6-OHDA disrupts this dynamic, resulting in
the nuclear accumulation of anamorsin.

To confirm that this phenomenon is confined only to
MNOID cells, we conducted immunohistochemical locali-
zation analysis of anamorsin using a unilaterally lesioned
rat brain model. As previously demonstrated (Lee et al.
2008), stereotaxic injection of 6-OHDA into the striatum
resulted in a loss of tyrosine hydroxylase (TH)-positive
neurons on the ipsilateral side of the midbrain (Fig. 6a).
Counting of the cresyl violet-positive cells ensured that the
loss of TH-positive neurons by 6-OHDA injection was not
simply due to a loss of TH immunoreactivity (data not
shown; also see Lee et al. 2008). In the contralateral side of
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A time-dependent accumulation of anamorsin in the nuclear fraction
was only observed following 6-OHDA treatment but not STS
treatment. b MN9D cells were treated for the indicated times with
5 ng/ml leptomycin B (LMB) alone or in combination with 100 uM
6-OHDA. Treatment with LMB alone or co-treatment of LMB and
6-OHDA led to increased levels of anamorsin in the nuclear fraction
while total level of anamorsin was not increased. Blots are represen-
tative of three independent experiments

6-OHDA-lesioned (data not shown) or vehicle-injected
midbrain sections, colocalization analyses for TH and an-
amorsin indicated that anamorsin was largely present in the
cytosol under normal conditions and its nuclear transloca-
tion was found in some TH-positive and TH-negative cells
following 6-OHDA injection (Fig. 6b). In primary cultures
of dopaminergic neurons, equal amounts of anamorsin
were present in the cytosol and nucleus under normal
conditions (data not shown). Nevertheless, treatment with
6-OHDA resulted in higher levels of nuclear anamorsin in
TH-positive and TH-negative cells (data not shown),
confirming that 6-OHDA triggers the nuclear accumulation
of anamorsin in all dopaminergic neurons tested. This was
quite contrary to the previous finding by Hao et al. (2006)
demonstrating that anamorsin is located in the nucleus and
accumulated in the nucleoli under normal conditions. It is
not clear at present whether this discrepancy is simply due
to the different cell types studied or different types of
fixative utilized for the immunostaining (Bjorkoy et al.
2009). Considering our preliminary observation that
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Fig. 6 Nuclear translocation of anamorsin in 6-OHDA-injected rat
brain. Rats received a unilateral injection of 4 pl (total 20 pg)
6-OHDA in ascorbate-saline or vehicle-only at a rate of 0.5 pl/min
into the right striatum. Seven days after stereotaxic injection, the
brains were processed for immunohistochemical localization of
a tyrosine hydroxylase (TH) alone or b in combination with
anamorsin in the midbrain sections. a Ipsilateral and contralateral
sides of the coronal sections of the midbrain were obtained from
vehicle-only or 6-OHDA-injected rats and immunostained with
mouse anti-TH antibody followed by biotinylated goat anti-mouse
1gG. The apparent loss of TH-positive neurons was detected only in

anamorsin was primarily localized to the nuclei of human
embryonic kidney (HEK293) cells and human neuoblas-
toma (SH-SYS5Y) cells, our data raise the possibility that
the proportion of nuclear anamorsin may be regulated by
cell origin and context.

Dopaminergic neurons in the substantia nigra pars
compacta are vulnerable to neurodegeneration because of
high levels of ROS (Ben-Shachar et al. 1991; Fahn and
Cohen 1992; Jenner 1998; Miller et al. 2009). Given the
biochemical changes reminiscent of those occurring in
patients with PD, several neurotoxins, including 6-OHDA,

Hoechst Merge

the ipsilateral side of the 6-OHDA-injected rat midbrain. b Both
ipsilateral sides of vehicle-only or 6-OHDA-injected rat brain sections
were processed for double immunofiuorescent localization using
mouse anti-TH and rabbit anti-anamorsin antibodies followed by
incubation with Alexa 568-conjugated goat anti-mouse IgG and Alexa
488-conjugated goat anti-rabbit IgG. Nuclear staining was performed
with Hoechst dye. Arrows indicate TH-positive neurons with
anamorsin, while arrowheads point to TH-negative cells with
anamorsin in the ipsilateral side of vehicle-only and 6-OHDA-
injected rat brain. We adjusted the background signals by using
MetaMorph program

have been widely used to establish experimental PD
models (Beal 2001; Dauer and Przedborski 2003). Our
previous studies (Choi et al. 1999; Glinka et al. 1997; Han
et al. 2003a) indicate that cytotoxicity rendered by
6-OHDA is primarily due to high ROS levels in the
dopaminergic neurons. To determine the specificity of the
6-OHDA-triggered nuclear translocation of anamorsin, we
treated MNOD cells with other well-known pro-oxidants
and performed immunoblot analyses using both the cyto-
solic and nuclear fractions. Since levels of anamorsin were
much higher in the cytosol than in the nucleus of the
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Fig. 7 Nuclear translocation of anamorsin in MN9D cells following
reactive oxygen species (ROS)-inducing drugs. a MNID cells treated
with 1.2 mM hydrogen peroxide for the indicated times were
subjected to cellular fractionation. Equal amounts (3 pg) of cytosolic
and nuclear (30 pg) fractionated protein samples were separated by
11.5% SDS-PAGE and immunoblotted with rabbit anti-anamorsin
antibody. Goat anti-lamin and goat anti-SODI antibodies were used
for nuclear and cytosolic markers, respectively. b MN9D cells treated
for 10 h with 250 pM cupric chloride (Cu), 500 puM ferrous chloride
(Fe), or 200 uM zinc chloride (Zn) were subjected to cellular
fractionation. Equal amounts of cytosolic (3 pg) or nuclear proteins
(30 pg) were subjected to 11.5% SDS-PAGE. Subsequent immuno-
blot analyses were conducted as described above. All of the ROS-
inducing drugs promoted the nuclear translocation of anamorsin in
MNOD cells. Blots are representative of at least three independent
experiments

MNO9D cells, one-tenth of cytosolic proteins were loaded to
avoid the saturation of the signal during immunoblot
analyses. Therefore, 3 pg of the cytosolic fraction and
30 pg of the nuclear fraction were utilized for control and
drug-treated groups. Based on the present data indicating
that 6-OHDA triggers an increase in hydrogen peroxide-
sensitive DCF-positive cells (Fig. 3a), MN9D cells were
first treated with 1.2 mM hydrogen peroxide for the indi-
cated times. Immunoblot analyses demonstrated that
external application of hydrogen peroxide promoted
dramatic nuclear translocation of anamorsin at 48 h
(>~ 10-fold over the control; Fig. 7a). Lower concentra-
tions than 1 mM hydrogen peroxide and shorter incubation
times than 36 h did not cause any discernible changes.
However, treatment of cells with 2.4 mM hydrogen per-
oxide promoted a slight but significant nuclear transloca-
tion of anamorsin as early as 30 min after treatment
(1.4-1.6-fold over the control). Trace metal elements,
including cupric chloride, ferrous chloride, and zinc chlo-
ride, are known to induce high levels of various ROS,
including hydrogen peroxide (Mladenka et al. 2006; Qian
et al. 2005; Sensi et al. 2009). Indeed, treatment of MNOD
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cells with each of these trace metal elements for 10 h
triggered the dramatic appearance of hydrogen peroxide-
sensitive and DCF-positive cells (data not shown). The
staining intensity of the DCF-positive cells was much
greater in cells treated with cupric chloride or zinc chloride
compared to ferrous chloride (data not shown). As shown
in Fig. 7b, the nuclear translocation of anamorsin was
obvious in MNOID cells treated with either cupric chloride
or zinc chloride for 10 h. However, much lower amounts of
nuclear anamorsin were translocated into the nucleus
following ferrous chloride treatment. Considering that
virtually no signs of nuclear translocation of anamorsin
were found in the STS-treated cells, our present data sug-
gest that the translocation of anamorsin into the nucleus is
primarily controlled by ROS.

To our knowledge, we are the first to demonstrate the
(sub)cellular distribution and expression of anamorsin both
under normal and drug-induced pathophysiological condi-
tions in dopaminergic neurons in vivo. We propose that the
nuclear translocation of anamorsin is largely dependent on
the presence of ROS in dopaminergic neurons. This
hypothesis is in good accordance with previous studies that
demonstrate hydrogen peroxide initiates the nuclear trans-
location of proteins such as p53 and FOXO (Jang et al. 2007;
Uberti et al. 1999). Intriguingly, our preliminary study using
immunoprecipitation followed by mass spectral analyses
suggests that anamorsin may bind to many critical molecules
in the nucleus, including double-stranded DNA, ribosomal
proteins, and histones (data not shown), implying that an-
amorsin may play an essential role in the transcriptional
regulation of critical molecules associated with neuronal cell
survival and death. Indeed previous report (Shibayama et al.,
2004) shows that anamorsin —/— mouse embryos began to
die between E12.5 and E14.5. In the end, all anamorsin —/—
mice died at birth. In that article, they described that this
phenomena related to the level of anti-apoptotic molecules
like JAK2 and Bcl-XL. In anamorsin —/— mice, mRNA
level of Jak2 and Bcl-XL decrease compare to anamorsin +/
+ mice. Based on this data, we think that nuclear anamorsin
promotes transcription of anti-apoptotic molecules like Jak2
and Bcl-XL. Therefore, nuclear translocation of anamorsin
promotes its anti-apoptotic effect as a transcriptional regu-
lator. Although the potential roles for nuclear anamorsin
were recently proposed (Li et al. 2010), more direct evidence
remains to be demonstrated. Similarly, other critical ques-
tions regarding how anamorsin is translocated into the
nucleus and what the potential target molecules are in the
nucleus also remain to be determined. With these and many
other related questions in mind, further studies examining
the molecular and cellular events associated with the role
of anamorsin in different subcellular regions may reveal
its definitive role in the CNS and, specifically, in
neurodegeneration.
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Abstract

Background: Requirements for human B lymphopoiesis are still poorly understood, and that has hampered investigation of
differentiation events. For example, there are few cell surface antigens that can be used as milestones of lineage
progression. The CD10 ectoenzyme is one such marker and has been used to define CLP, but we found substantial tissue
specific variations in CD10 levels, and there was no information about how that corresponded to differentiation options.

Methodology/Principal Findings: The aim of the present study was to use recently developed culture methods to assess the
nature and differentiation potential of progenitors sorted according to CD10 density from umbilical cord blood (CB), adult
bone marrow (BM) or G-CSF mobilized peripheral blood (PB). Many CD34" cells in BM express high levels of CD10, while low or
low/negative CD10 densities were found on CD34" cells in CB or G-CSF mobilized PB, respectively. The relative abundance of
CD10" versus CD10™ cells only accounts for some CB versus BM differences. Almost all of the CD34* CD10"" cells expressed
CD19 and lymphocyte transcription factors and corresponded to loss of myeloid potential. A high de?ree of immunoglobulin
Dy-Jy gene rearrangements was characteristic only of the CD10™ subset. In contrast, the CD34* CD10"° progenitors efficiently
produced plasmacytoid and conventional dendritic cells as well as myeloid cells. These findings suggest a positive correlation
between CD10 density and degree of differentiation. Although freshly isolated CD34* CD10™ cells were in cycle, those from CB
or BM expanded poorly in culture, suggesting regulators of populations remain to be discovered.

Conclusions/Significance: Steps in human B lymphopoiesis have not been sufficiently studied, and we now show that

increased CD10 expression corresponds to differentiation potential and stage. CD34* CD10" progenitors are obviously in
the B lineage but may have progressed beyond the point where they can be expanded in culture.
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Introduction

Common lymphoid progenitors (CLP) were originally defined
in mice as lineage marker negative, IL-7Ra*, Sca-1%, c-Kit® cells
that appeared to be largely restricted to the production of B, T and
NK cells [1]. The original CLP subset has been subdivided and re-
defined in multiple ways, and the potential of these cells to
produce small numbers of non-lymphoid cells is still debated [2-
7]. Moreover, a picture is emerging of asynchronous expression of
lymphoid genes and markers, with gradual restriction of
differentiation options [8,9]. :

Although the CD10 ectoenzyme is not expressed on murine
progenitors, it has been used in the definition of human CLP [10-
12]. The current consensus is that CD10 is expressed on early, pro-,
and pre- B cells while levels are down-regulated after development
to mature B cells. Other markers exploited in studies of human but
not murine CLP include CD45RA, CD7 and CD38 [13-15]. In
addition, multiple differentiation pathways can result in production
of similar cells such as T and B lymphocytes [16-18]. There are
additional reasons comparisons between murine and human

@ PLoS ONE | www.plosone.org

lymphoid progenitors are difficult. For example, IL-7 is not essential
for human B lymphopoiesis, and no factors have been discovered
that support efficient B lymphoid lineage progression in culture
[19]. For these and other reasons, results obtained in studies
conducted with bone marrow from young adult mice are not readily
comparable to those using human umbilical cord blood (CB), adult
bone marrow (BM) or G-CSF mobilized peripheral blood (G-PB).
Allogeneic hematopoietic stem cell transplantation is a curative
treatment for patients with hematopoietic malignancies and
marrow failure syndrome [20-22]. However, the composition of
the donor inoculum has a substantial influence on transplantation
related mortality, occurrence of graft-versus-host disease and
relapse of diseases. For example, high numbers of infused CD34"
CD19" B progenitors were associated with lower incidences of
acute GVHD and transplant related mortality [23]. More
information about stages of B lymphopoiesis and how they vary
in different stem cell sources could improve clinical outcomes.
We have now found that human CD34" cells from CB, BM and
G-PB express a wide range of CD10 densities. Increasing levels
of CDI0 corresponded to expression of lymphoid related
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transcription factors and markers, as well as loss of proliferative
potential in two recently developed culture systems. Moreover,
myeloid differentiation potential was not completely lost until
CDI10 levels were very high. Complete restriction to a B lineage
lymphoid fate may be a very late event in human lymphopoiesis.

Results and Discussion

Hematopoietic progenitors in different sites vary with
respect to CD10 density and composition

We developed a new co-culture system where CD34"
hematopoietic cells are sorted and placed on monolayers of
human mesenchymal stem cells along with stem cell factor (SCF)
and Flt3 ligand (see Materials & Methods). Under these
conditions, CD10* CD19* lymphocytes emerged within 2-3
weeks. As noted in previous studies, the source of the progenitors
was an important variable, and the efficiency was reproducibly
higher in cultures initiated with CB (Figure S1) [13,24,25].
Differences in the composition of CD34" cell suspensions might
account for this, because it has been found that CD10" progenitors
from CB and BM are functionally equivalent [14,26]. That is, we
considered that CB could be enriched with respect to CD10* CLP.
"To our surprise, BM contained more CD10" cells, and the average
density of this marker was much higher (Figure 1).

CD34" cells were then enriched in samples representing three
sources and flow cytometry was used to discern expression of other
markers associated with early events in human hematopoiesis
(Figure 2). Down-regulation of CD117/c-Kit occurs with progres-
sion from the stem/multipotential progenitor stage, and this
receptor for SCF was entirely lacking in the CD10™ subset of
CD34" cells. Similarly, the CD135 receptor for Flt3 ligand, the
CD90/Thy-1 antigen and the CD123 receptor for interleukin 3
were low on CD10™ cells. Only small numbers of CD10™ cells in
BM displayed the CD33 myeloid marker. The deficiency of stem
and early progenitor markers was offset by expression of CD9,
CD24 and CDI9 lymphoid associated antigens on CDI10™
CD34" cells. Although the incidence of CD10* cells in G-PB
was low, staining patterns with the other markers were very similar
to CB and BM (data not shown). In fact, when CD34" cells were
resolved according to CD10 density, patterns of all other markers
were remarkably similar, regardless of tissue of origin. As is the
case with murine studies, there is no standardized definition of
human CLP, and a series of markers have been used to resolve
lymphopoietic progenitors. CD34" progenitors with low CDI10
most closely resemble the original CLP described by Galy and
colleagues [11]. CD24 was absent from CD34* CDI10™
progenitors suggesting they are not dedicated to the B lineage [16].

To obtain more detailed information about B lineage
progression, we studied CD22, CD20 and cytoplasmic Igp (cIgu)
expression with each of the three subsets (Figure 3A, B).
Approximately, 20% of CD34" CD10™ cells expressed CD22,
and 5-10% of them were CD20*. There were very few clgu
positive cells among CB and BM CD34" fraction (less than 2% of
CD34" cells). Zelm et al. reported that incomplete Dy-Jy
rearrangements were initiated in CD34" CD22"CD19™ cells,
and Vy-DJy rearrangements mainly occurred in CD34~ CD10*
CD19" CD20™ cells [27]. [gK/IgL gene rearrangements were
initiated after CD34 down-regulation and expression of clgu (in
CD34~ CDI10" CD19" CD20~ cells). Therefore, we analyzed
immunoglobulin Dy-Jy gene rearrangements by quantitative PCR
in subsets separated on the basis of CD10. The human IgH locus
contains 66 rearrangeable Vi, 27 Dy, and 6 Jy genes, so we
designed probes to detect the predominant Dy3-10 gene segment
and the Ju4 gene segment. This particular Dy-Jy rearrangement

@ PLoS ONE | www.plosone.org
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Figure 1. Densities of CD10 vary among human CD34" cells
isolated in different ways. CD34" cells enriched from CB, G-CSF
mobilized peripheral blood (G-PB) and BM were stained with PE-CD10
and APC-CD34 for flow cytometry analysis. (A) They were partitioned
into three categories according to CD10 levels. (B) Incidences of CD34*
CD10~, CD34" CD10*°, and CD34* CD10"™ progenitors in these
preparations are shown. Similar results were obtained in three
independent experiments utilizing specimens from four different
donors. Statistical significances were determined by unpaired two-
tailed t test analysis: *, p<0.05 and **, p<0.01.
doi:10.1371/journal.pone.0012954.g001

most frequently occurs in humans [28]. Contrary to our
expectations, Ig gene rearrangement was a late event, with high
levels found only in the CD34% CD10™ subset. Similar results
were obtained in three independent experiments using cord blood
or adult marrow derived progenitors.

Hematopoietic cells in humans and mice differ with respect to
many cell surface markers [1-7,11-16,27,29], complicating
extrapolation between the two (Figure S2). For example, freshly
isolated murine lymphoid progenitors do not express CD10 [10].
In contrast, we now show that levels parallel lineage progression in
humans. Our results suggest that CDI0 levels represent an
important variable, increasing coincident with initiation of Ig gene
rearrangement and before uniform expression of either CD20 or
CD22. Subsequent experiments were aimed at determining if it
corresponded to differentiation and lineage restriction.

CD10 density increases with expression of lymphoid
lineage transcription factors, but loss of myeloid

potential by CD10 bearing progenitors is a late event
Consistent with changes in proteins detected by flow cytometry,
transcripts for the RAG-1recombinase enzyme markedly increased

September 2010 | Volume 5 | Issue 9 | e12954
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Figure 2. High levels of CD10 correspond to progression in the B lineage. (A, B) CD34" cells from CB and BM were stained with CD10 and
CD34 as well as the indicated antibodies, and analyzed by flow cytometry. The CD34" cells were gated according to CD10 levels and percentages of
cells positive for each marker are shown. Similar results were obtained with cells from at least three different donors in three separate experiments.

doi:10.1371/journal.pone.0012954.g002

with CDI10 up-regulation (Figure 4). The Ebfl and Pax5
transcription factors are essential for B lymphopoiesis, and the
corresponding transcripts increased in parallel with CDI10. In
contrast, expression of the myeloid associated myeloperoxidase
(MPO) gene was down-regulated with CD10 acquisition. All of these
three subsets expressed C/Ebpa and Notchl. Results were very
similar when CB rather than BM was used as a source of progenitors
(data not shown). Hystad and colleagues performed microarray
analyses on human B lineage progenitors separated according to
presence or absence of markers [29]. Comparing their developmen-

cells are relatively primitive, but primed for lymphopoiesis. Abrupt
increases in CD10 transcripts were found in another study to
correspond with Ig gene rearrangement activity [27].

Interestingly, the experiments described above revealed that
CD34" progenitors with CD10 still had C/Ebpe: gene expression,
and CD34* CD10™ progenitors expressed MPO at a low level, as
reported before [27,29]. This raises important questions concerning
their differentiation potential. Therefore, we sorted CD34" cells
from CB and carefully assessed their progeny over four weeks of
culture (Figure 5A, B). A substantial wave of CD33" myeloid cells

tal milestones to our RT-PCR results indicates that CD34* CD10™°

A B

was observed in cultures initiated with CD34* CD10™ progenitors,
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Figure 3. Dy-Jy rearrangements\cur in progenitors with high CD10 densities. (A) Expression patterns of CD22 and CD20 on CD34* CD107,
CD34* CD10", and CD34* CD10™ progenitors derived from CB and BM were analyzed using flow cytometry. (B) After staining CD34* or CD34 cells
from CB and BM with CD10 and CD34 antibodies and fixing, they were stained with cytoplasmic Igu. The data is representative of results obtained
with cells from at least three diffferent donors in three separate experiments. (C) The indicated fractions were sorted from CB, and genomic DNA was
extracted from 10* cells. Sorted CD34* CD38™ and CD34~ CD10" CD19" cells were used as negative and positive controls, respectively. C/Ebpo
specific PCR reactions were used to determine input quantities. The results are normalized as percentages of peak values for each of the genes and
are representative of that obtained in three independent experiments, using either CB or BM. N.D,; not detected.
doi:10.1371/journal.pone.0012954.g003
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Figure 4. Gene expression patterns suggest that lymphoid
commitment parallels acquisition of CD10. CD34* CD10~, CD34"
CD10* and CD34* CD10™ cells were sorted from BM. mRNA was
extracted from each subset, and quantitative RT-PCR was conducted.
The results are normalized as percentages of peak values for each of the
genes and are representative of three independent experiments. Similar
results were obtained in three experiments, using either CB or BM.
doi:10.1371/journal.pone.0012954.9004

and sustained myelopoiesis resulted in remaining cultures of CD10™
stem/progenitors. Human mesenchymal stromal cells were used for
these experiments because of their ability to simultaneously support
B, dendritic and myeloid differentiation. Therefore, we recovered
CD14~ CD19™ CD11lc¢" CD123 ™ conventional dendritic cells, as
well as CD14~ CD19™ CD11c” CD123% plasmacytoid dendritic
cells from 2 week co-cultures (Figure 5C, D). We conclude that
CD10™ progenitors are not lymphoid lineage restricted.

CD34* CD10" progenitors are strictly lineage-committed,
but have diminished ability to expand in culture

Given that CD10™ progenitors express characteristics associated
with B lineage lymphocytes, we assumed that they would be potent
progenitors when placed in culture. However, yields of total cells
and CD19" B lineage lymphocytes were very low at all time points
in cultures initiated with CD34* CD10™ progenitors (Figure 5, 6A).
This is despite the fact that these culture conditions are optimized
for human B lymphopoiesis [30] and gave good yields with CD10™
and CD10™ subsets (Figure 5, 6A). Late stages of murine B
lymphopoiesis are most efficiently supported by stromal cell-free
conditions [31], and we recently adapted that approach for human
progenitors [32]. However, attempts to propagate them in four-
week stromal cell-free cultures were unsuccessful (Figure 6B).

In one-week stromal cell-free cultures, CD34" CD10M
progenitors gave rise to CD34~ CD33~ CD19" lymphocytes,
but only with poor survival and/or minimal expansion (Figure
6C). In contrast to CD34* CDI0” and CD34" CDI10"
progenitors, the CD10™ subset proliferated poorly during four
days of culture and incorporated litde BrdU (Figure 6D). This
contrasts with a report that some CD34*CDI19* cells could
generate myeloid and erythroid lineage cells [33]. Although
CD10™ progenitors are rare in CB, we were able to determine
that they also expanded poorly in these cultures.

It is possible that CD34" CD10™ progenitors are post-mitotic i
vizo, but staining of freshly isolated BM with the Ki67 proliferation
marker revealed that all three subsets include dividing cells (Figure
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7A, B). The restricted and rapid generation of CD34~ CDI19*
lymphocytes by CD34* CDI10™ progenitors suggests they
represent a lineage committed stage. They could have recently
exited cell cycle in vivo. Alternatively, conditions required for their
expansion in culture remain undefined.

Definition of factors that regulate human B lymphopoiesis
remains an elusive goal, and no cytokine that supports robust
human B lymphopoiesis has been found. B lymphopoiesis is not
impaired in SCID patients with mutations in the common y chain
required for IL-7 responses, and there is no clear requirement for
this cytokine in cultures of freshly isolated progenitors
[19,30,32,34-36]. On the other hand, there is some evidence that
stromal cells and pre-cultured hematopoietic cells can recognize
IL-7 [37-40]. In addition, a very transient response of human fetal
B progenitor cells was reported [19,41,42].

To conclude, the composition of umbilical cord blood, G-CSF
mobilized peripheral blood and adult bone marrow is markedly
different with respect to lymphopoietic cell subsets. Our results
show that CD10 density increases in parallel with expression of B
lymphoid lineage genes and surface markers on CD34" progen-
itors. This parameter also corresponds to loss of potential to
generate myeloid and dendritic cells in culture. Complete
restriction to a B lineage fate appears to be a late event.

Materials and Methods

Origin and isolation of cells

CB cells were collected from healthy, full-term neonates
immediately after Caesarean section or normal delivery. BM
and G-CSF mobilized PB cells were collected from normal healthy
donors. All samples were collected after written informed consent,
using protocols approved by the Investigational Review Boards at
Osaka University and Oklahoma Medical Research Foundation.
Mononuclear cells were separated by Ficoll-Paque PLUS (GE
Healthcare Bio-Science AB, Uppsala, Sweden) or Lymphocyte
Separation Medium (Mediatech, Inc., Manassas, VA) and
centrifugation. Purification of CB and BM CD34" cells was
performed using Direct human CD34 Progenitor Cell Isolation
Kit (Miltenyi Biotec, Auburn, CA). Human specimens were
separately analyzed with respect to progenitor phenotypes to
reveal individual to individual variability. Rare progenitor cells
were mixed to have sufficient numbers to initiate culture
experiments. Human mesenchymal stem cells were purchased
from Lonza (Walkersville, MD), and maintained in Mesenchymal
Stem Cell Growth Medium (MSCGM, Lonza). Flow cytometric
analysis confirmed that the cultured hMSC expressed CD105,
CD166, CD29, and CD44, but not CD14, CD34, or CD45.

Co-cultures for human B lymphocytes

Co-cultures of CD34% cells on hMSC were performed as
previously described [30]. hMSC were seeded in 12-well tissue
plates 1 or 2 days before setting up the co-cultures. Isolated CD34"
cells (2 x10° cells/well) were plated on sub-confluent hMSC layers
in MSCGM in the presence of 10 ng/ml SCF and 5 ng/ml FL.
Recombinant human SCF and FL proteins were purchased from
R&D Systems, Inc. (Minneapolis, MN). Half of the culture
medium was replaced with fresh medium containing the same
cytokines twice a week.

Stromal cell-free cultures for human B lymphocytes
Stromal cell-free cultures were performed as previously described
[32). The cultures were usually maintained in QBSF®60 (Quality
Biological, Inc., Gaithersburg, MD) containing10% FCS, 100 U/ml
penicillin, and 100 mg/ml streptomycin with indicated cytokines.
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Figure 5. Both CD34* CD10~ and CD34* CD10"° subsets can generate DC and myeloid lineage cells. (A, B) CD34* CD10~, CD34* CD10"° and
CD34* CD10" cells were sorted from CB and cultured with hMSC in the presence of SCF and FL for 4 weeks. Representative flow cytometry results are shown
for a 4 week co-culture experiment performed with pooled cord blood specimens (A). The cultured cells were collected weekly, and numbers of generated
CD33"* myeloid cells (B, upper panel) and CD10* CD19* B cells (B, lower panel) were determined. Similar results were obtained in three independent
experiments, (C, D) CD34* CD10™ and CD34" CD10" CB cells were cultured with hMSC in the presence of SCF and FL for 2 weeks. Cells recovered and gated
as CD147, CD34~ and CD19~ were characterized by flow cytometry (C), and numbers used to calculate yields per input cells (D). Similar results were
obtained in three independent experiments. Statistical significances were determined by unpaired two-tailed t test analysis: ¥, p<<0.05 and **, p<0.01.

doi:10.1371/journal.pone.0012954.g005

Recombinant human 1L-7 and G-CSF proteins were purchased
from R&D Systems. Half of the culture medium was replaced with
fresh medium containing the same cytokines once a week. The
cytokines were used at the following concentrations: SCF, 10 ng/ml;
FL, 5 ng/ml; G-CSF, 10 ng/ml; and 1L-7, 5 ng/ml.

Flow cytometry and cell sorting

Flow cytometric analysis was performed with a FACS Calibur
or FACS LSRII (BD Biosciences Immunocytometry Systems, San
Jose, CA) using standard multicolor immunofluorescent staining
protocols. Mouse monoclonal Abs against the following human
cell surface molecules were purchased: phycoerythrin (PE)-CD7,
FITC-CD9, PE-CDI0, allophycocyanin (APC)-CD10, APC-
CDllc, FITC-CDI14, PE-CDI19, FITC-CD20, FITC-CD33,
PE-CD34, APC-CD34, APC-CD90, PE-CDI117, PE-CDI123,
PE-CD135, FITC-IgM and FITC-Ki67 from BD Bioscieinces/
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BD Pharmingen (Franklin Lakes, NJ); APC-CD22 from Bio
Legend (San Diego, CA); phycoerythrin 5-succinimidylester (PC5)-
CD19, PC5-CD24 from Beckman Coulter (Marseilles, France). In
some experiments, CD34" CD10~, CD34" CD10™ and CD34*
CD10™ cells were sorted using a FACS Aria (BD Biosciences
Immunocytometry Systems) and subjected to the cultures for
human B lymphocytes. In this case, enriched CD34" cells were
stained with APC-CD34 and PE-CD10.

Real-time quantitative PCR analysis of IgH gene
rearrangement

A Genomic DNA was isolated from 1x10* sorted subsets with a
DNeasy Tissue Kit (QIAGEN, Valencia, CA). Tagman-based
quantitative PCR was used to detect IgH gene rearrangement,
using TagMan Universal PCR Master Mix (Applied Biosystems,
Foster City, CA). The probe was designed to detect one of the
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Figure 6. CD34* CD10" progenitors can differentiate but not proliferate in vitro. (A) CD34* CD107, CD34* CD10*° and CD34" CD10" cells
were sorted from CB and stromal cell co-cultures were maintained with SCF and FL for 4 weeks before flow cytometry analyses. (B) The three
categories of CD34* CB progenitors were cultured under stromal cell-free conditions, but with SCF, FL and IL-7 for 3 weeks. Numbers of total and
CD10* CD19* cells per input progenitor were calculated. (C) CD34* CD10% and CD34" CD10™ cells were sorted from BM and cultured under stromal
cell-free conditions for 1 week. The generated cells were stained with CD19, CD33 and CD34 and were analyzed by flow cytometry. One
representative determination is shown. (D) CD34* CD10~, CD34* CD10" and CD34* CD10™ cells were sorted from CB and cultured in the presence of
SCF, FL, and G-CSF for 4 days. They were pulsed with 10 mM BrdU for the final 48 hours. Similar results were obtained in three independent
experiments. Statistical significances were determined by unpaired two-tailed t test analysis: **, p<0.01. N.D.; not detected.
doi:10.1371/journal.pone.0012954.g006

main Dy gene segment families (Dy3-10) and Jy4 gene segment,
where Dy-Jy rearrangement most frequently occurrs in humans
(Applied Biosystems) [28]. Expression levels were determined by
the internal control gene (C/Ebpay). Each sample was measured
in triplicate, and the comparative threshold cycle method was
used for relative quantification of gene expression. The primer
sequences are available from the authors on request.

“E). PLoS ONE | www.plosone.org

RNA isolation and Real-time quantitative PCR analysis of
gene expression

The mRNAs were isolated from sorted cells by using RNeasy
Mini Kit (QIAGEN). The cDNAs were then prepared from
DNase I-treated mRNA by using oligo(dT) and Moloney murine
leukemia virus reverse transcriptase (Invitrogen, Carlsbad, CA).
Reactions were quantified with fluorescent TagMan technology.
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doi:10.1371/journal.pone.0012954.g007

TagMan primers and probes specific for indicated or S18 gene
were used in the ABI750 sequence detection system (Applied
Biosystems). Reactions were run at an annealing temperature of
60°C with 40 cycles. Each sample was measured in triplicate, and
the comparative threshold cycle method was used for relative
quantification of gene expression.

BrdU assay

CD34" CDI10”, CD34" CD10™ and CD34" CDI10" cells
were sorted and cultured in the presence of 10 ng/ml SCF,
5ng/ml FL, and 10 ng/ml G-CSF for 4 days. They were
pulsed with 10 mM BrdU for the final 48 hours. FITC BrdU
Flow Kit purchased from BD Bioscieinces/BD Pharmingen was
used.

Statistical analyses
Student’s t-test was performed to assess statistical differences. All
results are shown as mean values = SD.

Supporting Information

Figure 81 The efficiency of B cell generation in culture depends
on the source of progenitor cells. CD34" cells were sorted from
CB, G-CSF mobilized peripheral blood (G-PB) or BM, and
cultured with hMSC in the presence of SCF and FL for 4 weeks. A
representative analysis is shown (A). Numbers of total and CD10"

@ PLoS ONE | www.plosone.org

CD19" B cells generated were calculated (B). Similar results were
obtained in three independent experiments. Statistical signifi-
cances were determined by unpaired two-tailed t test analysis:
*, p<0.05 and **, p<<0.01.

Found at: doi:10.1371/journal.pone.0012954.5001 (0.45 MB TIF)

Figure 82 Comparison of B lymphopoiesis in mice and humans.
Our new results and ones from the literature were used to
construct a possible sequence of events in human B lymphocyte
formation. Progressive down-regulation of c-Kit occurs from
stem/early progenitor stages in mice, and our observations suggest
that is also the case for humans. Three categories of human
CD10™, CD10™ and CD10™ cells evaluated in the present study
are positioned with respect to stem cells and lymphoid committed
progenitors.

Found at: doi:10.1371/journal.pone.0012954.s002 (0.25 MB TIF)
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Abstract Castleman’s disease is a highly heterogeneous
clinical-pathological entity that belongs to the lymphopro-
liferative disorders and is associated with pulmonary arte-

rial hypertension (PAH) in some patients. It is linked to-

excessive immune stimulation by interleukin-6 (IL-6), which
is also involved in the pathogenesis of PAH. A 31-year-old
woman with Castleman’s disease demonstrated PAH char-
acterized by severe right heart failure. Since she was resis-
tant to various conventional therapies including steroids,
prostacyclins, bosentan, and sildenafil, tocilizumab (anti-
IL-6 receptor antibody) therapy was started. Her clinical
course was followed for 6 months, with significant improve-
ment without any adverse effect. This is the first reported
case of use of tocilizumab in addition to steroids and con-
ventional PAH therapy in a patient with PAH associated
with Castleman’s disease.

Key words Pulmonary arterial hypertension - Interleukin-
6 - Cytokine - Interleukin-6 receptor

Introduction

Castleman’s disease is a rare clinical-pathological entity
that belongs to the lymphoproliferative disorders, and is
responsible for lymph node enlargement.'? It can be classi-
fied into two forms: the hyaline vascular (localized) type
and the plasma-cell (multicentric) type. In general, the
localized form is asymptomatic or presents as an isolated
enlarged lymph node, while multicentric Castleman’s
disease often results in diffuse lymphadenopathy, and is
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frequently associated with hepatosplenomegaly and various
systemic manifestations.

Interleukin-6 (IL-6) plays crucial pathological roles in
immune-inflammatory diseases such as rheumatoid arthritis
and Castleman’s disease,” and also in various cardiovascular
diseases.* Recently, the humanized anti-IL-6 receptor
(IL-6R) antibody, tocilizumab, has been widely used for
the treatment of these inflammatory disorders.*” Anti-IL-
6R therapy is reported to improve clinical symptoms of
Castleman’s disease and to normalize acute-phase proteins,
such as C-reactive protein (CRP) and serum amyloid A.°

Pulmonary arterial hypertension (PAH) is a rare pro-
gressive disease, characterized by elevated pulmonary
arterial resistance® leading to right heart failure with poor
prognosis. Pulmonary arterial hypertension can be sporadic,
familial, or secondary to other conditions, including connec-
tive tissue disease, congenital systemic-to-pulmonary shunt,
portal hypertension, human immunodeficiency virus (HIV)
infection, and appetite suppressant exposure.” A total of
three cases of PAH have been reported to occur in associa-
tion with Castleman’s disease in HIV-negative or -positive
patients.'™! Here we report for the first time successful
treatment of PAH associated with Castleman’s disease
using tocilizumab, in a patient who had been resistant to
conventional therapy including steroids, prostacyclins,
bosentan, and sildenafil.

Case report

A 31-year-old woman was admitted to a hospital with the
complaint of dyspnea in 1995. She was clinically diagnosed
with Castleman’s disease by lymph node biopsy and was
negative for HIV infection. She was started on steroid
therapy (prednisolone 60 mg/day).

In October 2007, she gradually developed severe edema
and New York Heart Association (NYHA) class III dyspnea.
Her estimated right ventricular systolic pressure (RVSP)
was 85 mmHg on echocardiography, and she was trans-
ferred to Osaka University Hospital in February 2008. On
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