CD16" CD56 NK cells in CBT recipients

indicate that the susceptibility of leukemic cells 10 NK
cells may depend on both expression of NKG2D ligand
on leukemic cells and the expression of NKG2D on
effector NK cells. In patients with acute leukemia. leuke-
mic cells are reported to downregulate NKp30 of autolo-
gous NK cells, thereby allowing NK cells to escape
leukemic cells (27, 28). In the setting of CBT, leukemic
cells expressing NKG2D ligands may tend to stimulate
NK cell precursors in CB. thus inducing them to
undergo differenuation,

The present study demonstrated the expansion of
CDI6"CD56" NK cells in the PB of CBT recipients for
the first time. These immature NK cells can be expanded
ex vivo with a help of K362-mbl5-41BBL cells as main-
taining specificity to KIR-L and cytotoxicity against leu-
kemic cells expressing an NKG2D ligand. Therefore. CB
may be a potential source of NK cells which can be uti-
lized for cell therapy. Further studies on a larger number
of CBT recipients are needed to determine whether
CDI16 " CD56™ NK cells indeed play a role in the GVL
effect.
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TRANSPLANTATION

Brief report

Expansion of donor-derived hematopoietic stem cells with PIGA mutation
associated with late graft failure after allogeneic stem cell transplantation

*Kanako Mochizuki,' *Chiharu Sugimori,' Zhirong Qi,' Xuzhang Lu,' Akiyoshi Takami,' Ken Ishiyama,' Yukio Kondo,'
Hirohito Yamazaki,' Hirokazu Okumura,' and Shinji Nakao'

'Gellular Transplantation Biology, Division of Cancer Medicine, Kanazawa University Graduate School of Medical Science, Ishikawa, Japan
ty

A small population of CD55 CD59- blood
cells was detected in a patient who devel-
oped donor-type late graft fallure after
allogeneic stem cell transplantation (SCT)
for treatment of aplastic anemia (AA).
Chimerism and PIGA gene analyses
showed the paroxysmal nocturnal hemo-
globinuria (PNH)-type granulocytes to be
of a donor-derived stem cell with a thy-

mine insertion in PIGA exon 2. A sensitive
mutation-specific polymerase chain reac-
tion (PCR)-based analysis detected the
mutation exclusively in DNA derived from
the donor bone marrow (BM) cells. The
patient responded to immunosuppres-
sive therapy and achieved transfusion
independence. The small population of
PNH-type cells was undetectable In any

of the 50 SCT reciplents showing stable
engraftment. The de novo development of
donor cell-derived AA with a small popu-
lation of PNH-type cells in this patient
supports the concept that glycosyl
phosphatidylinositol-anchored protein—
deficient stem cells have a survival advan-
tage in the setting of immune-mediated
BM Injury. (Blood. 2008;112:2160-2162)

Introduction

Although small populations of CD55-CDS59~ blood cells are often
detectable in patients with aplastic anemia (AA), it remains unclear
how such paroxysmal nocturnal hemoglobinuria (PNH)-type cells
arise.! We recently encountered a patient with immune-mediated
late graft failure (LGF) following allogeneic stem cell transplanta-
tion (SCT) for treatment of AA, Analyses of the patient’s peripheral
blood (PB) and bone marrow (BM) showed hematopoictic stem
cells (HSCs) of donor origin with mutant PIGA, supporting the
concept that glycosyl phosphatidylinositol-anchored protein (GPI-
AP)-deficient stem cells have a survival advantage in the setting of
immune mediated BM injury.

Methods
Patients

A 59-year-old man underwent allogeneic PBSCT from u human leukocyte
antigen (HLA}-matched sibling donor after conditioning with fludarabin
1120 mg/m*), cyclophosphamide (1200 mg/m?), and antithymocyte globu-
lin (60 mg/kg) for treatment of very severe AA in April 2002 (Table 1) and
achieved complete donor chimerism with normal blood cell counts. In
January 2006, he developed pancytopenia and was diagnosed as having
LOF without residual recipient cells, The patient underwent a second
PBSCT from the original donor without preconditioning on Febroary 8,
2006. Pancytopenia resolved completely by day 16 after PBSCT. However,
at approximately day 60, the blood counts decreased gradually, and the
patient became transfusion-dependent. On day 196 after the second PBSCT,
the white blood cell (WBC) count was 5.3 % 10%L with 17% neutrophils,
the hemoglobin concentration was 75 g/L, and the platelet count was
22 % 1071 Treatmenmt with horse anuthymocyie globulin (ATG) and
cyclosporine was started on day 205 after the second PBSCT. Trunsfusions
were terminated after 88 days of the immunosuppressive therapy. Although

the patient presently receives low-dose tacrolimus for treatment of chronic
graft-versus-host disease, which developed | year after the second PBSCT,
his pancytopenia has markedly improved as shown in Table 1. PB and BM
of the patient were subjected to analyses of chimerism and flow cytometry
1o detect CDSS CDSY cells and PIGA gene analysis

As controls, the PB from 51 SCT recipients (48 with hematologic
malignancies and 3 with AA) who achieved a complete recovery of
donor-derived hematopoiesis were subjected 1o flow cylometric analysis for
the screening of CD35 CD5Y cells, Of the 51 patients, 4 and 23,
respectively, had acute grafi-versus-host disease (GVHD) of grade 11 or
higher and chronic GVHD at sampling

BM aspirates were obtained from the patient’s donor and 10 healthy
individuals for PIGA gene analysis, Informed consent was obtained from all
patients and healthy individuals in accordance with the Declaration of
Helsinki for blood examination, and the experimental protocol for PIGA
gene analysis was approved by our participating institutional ethics
committee (No.157)

Detection of PNH-type cells

To detect GPL-AP deficient (GPI-AP "), PNH-type cells, we performed
high-sensitivity 2-color flow cytometry of granulocytes and red blood
cells (RBCs), as described previously.' The presence of 0.003% or
more CDS5 CD5S9 CDIlb™ granulocytes and 0.005% or
CD55 CDSY " glycophorin-A* RBCs was defined as an abnormal increase
based on the results in 183 healthy individuals.®

more

Cell sorting and chimerism analysis

CD3 " cells were isolated from the PB mononuclear cells of the patient using
magnetic-activated cell sorting (MACS) CD3 Microbeads (Miltenyi Biotec,
Auburn, CA) The CDS5 CDS9 CDI1b" granulocytes were separaled
from the CD55 CDS9"CD11b~ granulocytes with a cell sorter (JSAN; Bay
Bioscience, Yokohama, Japan). More than 95% of the sored cells were
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Table 1, H tol ters of donor and recipient

gic p

PIGAMUTANT STEM CELL EXPANSION WITHLGF 2181

Recipient

Before 151 SCT

After 20 mo of

Before 2nd SCT Al ATG therapy ATG therapy

Date

Apr 2002

Jan 2006 Aug 2006 Apr 2008

WEC count, x 10%L i 51 1.2

Nautrophil propartions. % B5 a
RBC count, x 101
Raticulocytes. = 10%L a5 2
Hamoglobin, g/l 150 72
Platelet count, = 10%L 230 19

220

7 5.3 40
0 17 62
275 207 3.04
3 26 61
8s 75 120
52 22 54

CDSS CD59 CDIIb' . The DIS8O locus was amplified from DNA of
different cell populations with an AmpliFLP D1S80 PCR Amplification Kit
(Perkin-Elmer Cetus, Norwalk, CT)

PIGA gene analysis

The coding regions of PIGA were amplified by semunested PCR or nested
PCR from DNA extracted from the sorted PNH-type cells using 12 primer
sets’* (Table S1, available on the Blood website; see the Supplemental
Malerials link at the top of the online article), and 6 ligation reactions were
used to transform competent Escherichia coli IM109 cells (Nippon Gene,
Tokyo, Japan). Five clones were selected randomly from each group of
transfectants and subjected to sequencing with a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) and an ABI
PRISM 3100 Genetic Analyzer (Applied Biosystems),

Amplification refractory mutation system PCR

On the basis of a mutant sequence detected in PIGA of the patient, a nested
amplification refractory mutation system (ARMS) forward primer with a
e —
Donor | | Recipient |

After second PBSCT
Gmontta 12 morthe 20 moriths

[Io ] [*]] @] @]
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second PBSCT

l r
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Figure 1. Analysis of PNH-type cells after the second PBSCT. (A) High-sensitivity llow ¢ Yy

3"-terminal nucleotide sequence complementary 10 the mutanl sequence
was prepared” (Table S1). To enhance the specificity, a mismatch at the
penultimate nucleotide position of the mutation site was incorporated in the
ARMS forward primer (P1).7 P1 and a reverse primer (P3) were used to
amplify a 127 bp fragment containing the mutant sequence from the exon 2
amplificd product, PCR was conducted under the following conditions;
denaturation for 30 seconds at 94°C, annealing for 60 seconds at 64°C and
extension for 90 seconds at 72°C for 20 cycles. Another forward primer
(P2), complementary to the wild-type PIGA sequence upstream of the
mutation site, was used in combination with P3 o amplify an intemal
control according o the same condition of ARMS-PCR.

Results and discussion
PNH-type cells were not detected in the donor or the patient at the

time of development of the lirst LGF, whereas 0.147% PNH-type
granulocytes and 0.019% PNH-type RBCs were detected in the PB

D

E

P e

small populations ol CD55 - CD59  calls in both granulocytes and

rad blood cails at the development of the second LGF as well as in thosa obtained & and 12 months later, but did not datect PNH-typa calls in tha donar of in the recipient betora
the second PBSCT. The numbers denole tha proportion of PNH-type cells in CD11b° granulocytes or glycophonn A- RBCs. (B) D1S80 allelic patterns of sorted GPI-AP
granulocytes, GPI-AP ™ g ytes. and CD3 " lymphocytes. Tha poly chain reaction (PCR) products wera subjacted to 8% polyacrylamide gel electrophoresis and
visualized by silver staining. (C) q of PIGA exon 2 in DNA from PNH-type granulocytes obtained 6 and 12 months after the second PBSCT. (D) A schamatic
IHustration for ARMS-PCH is shown. Primar positions for the first, second are shown by shon arrows. A black box and adjacent lines represent exon 2 and introns, respectively.
(E) Amplified products of control PCH (the upper gel) and ARMS-PCH (the lower gel) were electrophoresad in 12 5% polyacrytamide gel and visualized by the silver staining. A
PMD20-T vector cor g the mutated exon 2 frag was used as a positive control for ARMS-PCR. The template DNA derives from a p ling the exon
2in lane 1, donor BM m lane 2, donor PB in lane 3, recipient BM in lane 4, recipient PB in lane 5, and BM from healthy individuals in lanes 6 1o 11, PCR with a 5° pnmer specific
to the nucleatide sequence upstream of the mutated sequence amplitied a 261 bp tragment from DNA of the donor and all healthy individuals.

— 180



From www bioodjournal org at KANAZAWA UNIVERSITY on September 5, 2008. For personal use only

2162 MOCHIZUKI et al

obtained at the time of development of the second LGF (Figure
1 A). Similar percentages of PNH-type blood cells were detectable
in the PB of the patient 6 and 14 months later. When PB from 51
SCT recipicnts was examined, none of the patients were found to
have detectable PNH-type cells (data not shown). PNH-type blood
cells were also undetectable in a donor PB sample obtained
21 months later.

The D1580 locus allelic pattern of the PNH-type granulocyles
in the patient was compatible to that of the donor (Figure 1B). The
emergence of donor-derived PNH-type cells and hematologic
improvement after immunosuppressive therapy suggest that LGF
arises as a result of de novo development of AA which affects the
donor-derived hematopoietic stem cells (HSCs),

PIGA gene analysis of the DNA prepared from the sorted

PNH-type cells of the patiemt obtained at the development of

LGF and 6 months later showed an insertion of thymine ai
position 593 (codon 198) in 3 of 5 clones and 5 of 5 clones
examined, respectively (Figure 1C). Mutations in other exons
were not identified. The presence of a single PIGA mutation in
PNH-type granulocytes and its persistence over 6 months
suggest that these PNH-type cells are derived from a mutant
HSC rather than from a committed granulocyte progenitor cell
Moreover. an ARMS-PCR with a 5° primer specific 10 the
mutated sequence amplified a 127 bp fragment from DNA of the
donor BM as well as of the recipient BM and PB while it failed
to amplify the same fragment in donor PB and in BM of all 10
healthy individuals (Figure 1D},

These experiments demonstrate thar P/GA-mutant HSCs
were present in the BM of the donor in a dormant state and were
transplanted into the recipient and provide, for the first time, n
vivo evidence that PIGA mutant, GP1-AP-deficient HSCs have a

References

BLOOD, 1 SEPTEMBER 2008 - VOLUME 112, NUMBER 5

survival advantage in the setting of immune mediated BM
injury. Similarly, relative resistance to immune injury likely
accounts for the high incidence of PNH observed in association
with acquired AA.
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Anti-Moesin Antibodies in the Serum of Patients with Aplastic
Anemia Stimulate Peripheral Blood Mononuclear Cells to
Secrete TNF-« and IFN-v!

Hiroyuki Takamatsu,**' J. Luis Espinoza,”* Xuzhang Lu,* Zhirong Qi,* Katsuya Okawa,”
and Shinji Nakao'*

Moesin is an intracellular protein that links the cell membrane and cytoskeleton, while also mediating the formation of
microtubules and cell adhesion sites as well as ruffling of the cell membrane. To determine the roles of anti-moesin Abs
derived from the serum of patients with aplastic anemia (AA) in the pathophysiology of bone marrow failure, we studied the
expression of moesin on various blood cells and the effects of anti-moesin Abs on the moesin-expressing cells. The proteins
recognized by anti-moesin mAbs were detectable on the surface of T cells, NK cells, and monocytes [rom healthy individuals
as well as on THP-1 cells. The peptide mass fingerprinting of the THP-1 cell surface protein and the knock-down experiments
using short hairpin RNA proved that the protein is moesin itself. Both the anti-moesin mAbs and the anti-moesin polyclonal
Abs purified from the AA patients’ sera stimulated THP-1 cells and the PBMCs of healthy individuals and AA patients to
secrete 60-80% as much TNF-« as did LPS 100 ng/ml. Although the polyclonal Abs induced IFN-y secretion from the
PBMCs of healthy individuals only when the PBMCs were prestimulated by anti-CD3 mAbs, the anti-moesin Abs were
capable of inducing IFN-y secretion from the PBMCs of AA patients by themselves. Anti-moesin Abs may therefore indi-
rectly contribute to the suppression of hematopoiesis in AA patients by inducing myelosuppressive cytokines from immu-

nocompetent cells,

cquired aplastic anemia (AA)* is a syndrome character-

1zed by pancytopenia and bone marrow (BM) hypoplasia

(1). The T cell-mediated suppression of hematopoiesis
15 considered to be the most important mechanism responsible
for the development of this syndrome because approximately
70% of AA patients respond to immunosuppressive therapy,
such as antithymocyte globulin and cyclosporine (2, 3). In ad-
dition to a large body of evidence for T cell involvement in the
pathogenesis of AA (4-7). recent studies have revealed the
presence of Abs specific to self-Ags in the serum of AA patients
(8~11). Although some of these Abs are directed toward Ags
that are abundant in hematopoietic cells (e.g.. kinecun (Ref. §)
and DRS-1 (Ref. 9)), their roles in the pathophysiology of AA
are unclear.

*Cellular Transplantation Biology, Kanarmwa University Graduate School of Medical
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Of the various autoAbs detected in the autoimmune diseases.
some are known to exhibit stimulatory effects on the target cells
rather than inhibitory effects, such as anti-thyroglobulin Abs in
Basedow's disease (12) and anti-desmoglein Abs in pemphigus
vulgaris (12, 13). The autoAbs specific 1w platelet-derived
growth factor receptors in patients with scleroderma and those
with extensive chronic graft-vs-host discases trigger an intra-
cellular loop, involving Ha-Ras-ERK 1 and 2 (ERK 1/2)-reac-
tive oxygen species (Ha-Ras-ERK 1/2-R0OS), and augment col-
lagen gene expression as well as myofibroblast phenotype
conversion of normal human primary fibroblasts (14, 15). The
anti-proteinase 3 Abs detected in Wegener's granuloma stimu-
late monocytes through the binding of cell surface proteinase 3
to secrete IL-8 (16). The autoAbs detected in AA patients may
also be involved in the pathophysiology of BM failure by way
of other mechanisms than the direct toxicity against the hema-
topoietic cells, though there has been no evidence for such func-
tional autoAbs in AA patients.

We previously demonstrated that Abs specific to moesin, a
membrane-cytoskeleton linker protein in the cytoplasm, were de-
tectable in approximately 40% of AA patients (11). Moesin 15 an
intracellular protein that links the cell membrane and cytoskeleton,
and mediates the formation of microtubules and cell adhesion sites
as well as ruffling of the cell membrane (17). On the other hand,
some reports have identified molecules that were recogmized by
anti-moesin mAbs on the surface of blood cells such as T cells and
macrophages (18, 19). Because these immune cells are an impor-
tant source ol myelosuppressive cytokines such as TNF-a and
IFN-v. it is conceivable that anti-moesin Abs in AA patients may
bind such moesin-like molecules on these immune cells and affect
the cytokine secretion from these cells.

To test these hypotheses, we studied the expression of moesin on
bload cells and the effects of anti-moesin Abs on the mocsin-expressing
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cells. The present study revealed a novel function of autoAbs,
which may contribute to the pathophysiology of BM failure.

Materials and Methods

Study subjects (patients)

Sera were obtuined from 19 patients with AA and 4 healthy individuals.
BM plasma was obtained from five patients with AA and three healthy
individuals. All AA patients had severe AA and were positive for anti-
moesin Abs, The samples were cryopreserved at —80°C until use. Pe-
ripheral blood (PB) was obtained from 7 patients with AA and 10
healthy individuals and BM was aspirated from 3 healthy individuals.
The PBMCs were isolated using lymphoprep (Nycomed). All patients
and healthy volunteers provided an informed consent before sampling
sccording to the Declaration of Helsinki. This study was approved by
the human research committee of Kanazawa University Graduate
School of Medical Science.

Cell lines

Molt-4, THP-1, U937, K562, Daudi, and Jurkat cell lines were purchased
from the Health Science Rescarch Resources Bank. A megakaryoblastic
leukemin cell line UT-7, a myeloid leukemia cell lines OUN-1, and a
myelodysplastic syndrome cell line TF-1 were provided by Dr. N. Komatsu
of Jichi Medical School, Dr. M. Yasukawa of Ehime University, and Dr. S.
Ogawa of the University of Tokyo, respectively.

Purification of anfi-moesin Abs in the sera of patients with AA

The anti-moesin polyclonal Abs (pAbs) were purified from the p
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molecules by flow cylometry using anti-moesin mAbs (clone 38/87,
Neomarkers).

Isolation of monocytes and T cells

Monocytes were isolated by plastic adherence as previously described
(20). In brief, § % 10° PBMCs/well were distributed into 1 2-well plates
(Carning) and allowed to adhere in a 5% CO, incubator at 37" for 2 h
in RPMI 1640 supplemented with 10°F% (v/v) heat-inactivated FCS, 100
U/ml penicillin - 0.1 mg/mi streptomycin (Invitrogen: No.15140-148)
and 10 ug/ml polymyxin B (Aerosporin) (Sigma-Aldrich; no. 194538).
Nonadherent cells were removed and the remaining adherent cells on
the plates were used as monocytes. T cells were purified by negative
selection using the Human T Cell Enrichment Columns (R&D Systems;
no. HTCC-500) following the manufacturer instructions. The purity of
enriched T cells and monocytes was approximately 90% as determined
by flow cytometry using anti-CD3-PE and anti-CD-14-FE mAbs,
respectively.

Stimulation of THP-I cells, PBMCs, monocytes, and T cells
with anti-moesin Abs

THP-1 cells, PBMCs, monocytes, or T cells were suspended in RPMI
1640 supplemented with 10% (v/v) heat-inactivated FCS. Polymyxin B
{Aerosporin) (Sigma-Aldrich: no. 194538) was added at 10 pg/ml to
li any ing endotoxin, The endotoxin concentration in
the pAbs and the reagents used for culture was <10 pg/ml as demon-
strated by chromogenic Limulus amebocyte lysate assay (Seikagaku).
The cells (5 % 107) were incubated for 48 h in the presence of 5 pg/ml
of anti in mouse mAbs (clone 38/87, 1gG1; Neomarkers) or 5-10

serum with affinity chromatography using a protein G column (mAb Trap
kit, no. 17-1128-0; GE Healthcare) and recombinant moesin protein (11)
fixed on an agarose-gel column (1 ml, HiTrap NHS-activaied HP, no,
17-0716-01; GE Healthcare) according to the manufacturer’s instruction.
In brief, 20 ml of serum from AA patients was applied to the Protein G
column, After washing with the binding buffer, the whole 1gG was eluted
with the elution buffer and neutralized with the lizing buffer. The
purified 1gG was then applied to the recombinant moesin-fixed affinity
chromatography column. After washing with the binding buffer (75 mM
sodium phosphate (pH 8.0)), anti-moesin pAbs were cluted with the elution
buffer (100 mM glycine-HC1 and 500 mM NaCl (pH 2.7)). The punfied
anti-moesin pAbs were dialyzed in PBS at 4°C overnight using a spectra/
Por Float-A-Lyzer column (Spectrum Laboratories;, no. 235118). The pu-
rity of the isolated anti-moesin pAbs was confirmed by PAGE followed by
Coomassie Brilliant Blue staining

Flow cvtometry

Mouse anti-moesin mAb (clone 38/87; Neomarkers) which was labeled
with FITC (Immuno-Biological Laboratories) was used in combination
with mAbs specific to CD3-PE (BD Pharmingen; no. $555333),
CD19.PE (BD Pharmingen; No. 555413), CD4-PE (BD Pharmingen;
No. 347327), CD-8-PE (BD Pharmingen: no, 555367), CD14-PE (BD
Pharmingen:; No, 555398), CD11b-PE (BD Pharmingen: No, 555388),
CD34-PE (BD Pharmingen; no. 348057), and CD3-Cy-Chrome (BD
Pharmingen; no, 555334). lsotype-matched control mAbs (BD Pharm-
ingen) were used as negative controls. For the detection of moesin-like
molecules on leukocytes and leukemia cell lines, | pl of anti-moesin
mAbs and 2 ul of PE-labeled mAbs were added 1o 50 pl of cell sus-
pension containing 1 % 10° cells and the suspension was incubated on
ice for 30 min. For the detection of moesin-like molecules by pAbs, | %
10" THP-| cells were washed twice with PBS containing 1% BSA (Sig-
ma-Aldrich; no, AB022) and resuspended in 200 pl of a PBS containing
2% FCS, 2% goat serum, and 2% BSA. The cell suspension was incu-
bated for 30 min at 4°C. Then, 5 pug/ml anti-moesin pAby or isotype
control human 1gG pAbs isolated from healthy individuals were added
to the cell suspension and incubated for | h at 4°C. The cells were
washed twice with PBS contdining 1% BSA followed by incubation
with u secondary Ab (goat anti-human IgG FITC-labeled Ab: Sigma-
Aldrich; no. F5512) diluted 1/100 in PBS containing 2% goat serum and
were incubated at 4°C for 30 min. Finally, the cells were washed twice
with PBS conlaining 1% BSA and subjected 1o flow cylometry

Stimulation of THP-1 cells with PMA/LPS

THP-1 cells ( 10") were suspended in 2 ml of RPMI 1640 containing 10%
FCS and 20 ng/ml PMA (Wako Chemicals; no. 545-00261) and incubated
for 24 h at 37°C in a CO, incubator. A total of 10 ng/ml LPS (Sigma-
Aldrich; no, L2880) was added to the cell suspension and further incubated
for 20 h. The cultured cells were analyzed for the expression of moesin-like
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pg/ml of pAbs isolated from the serum of AA patients as described
above. Mouse mAbs (Coulter Clone; 1gG1, no. 6602872) and control
human IgG pAbs isolated from healthy individuals were used as neg-
ative contrals, This Ab concentration was selected based on an esti-
mated concentration of anti-moesin pAbs in the serum of an AA patient
For prestimulation of PBMCs 1o induce IFN-y secretion, the cells were
incubated for 1 h in the presence of 100 ng/ml of anti-CD3 mAbs
(Clone OKT3) (eBioscience: functional grade no. 16-0037). For co-
stimulation of isolated T cells to induce IFN-y secretion, the cells were
cultured for 48 h on a 48-well tissue culture plate that was coated with
100 ng/ml of anti-CD3 mAbs (clone OKT3) (eBioscience; functional
grade no. 16-0037) overnight at 4°C and washed. Then, 100 ng/ml LPS
or 10 pg/ml PHA (Sigma-Aldrich: no. L4144) was included instead of
anti-moesin Abs as the positive controls for the induction of TNF-a or
IFN-y secretion, respectively, and control human 1gG pAbs isolated
from healthy individuals were added as a negative control

Western blotting

Western blotting was performed using THP-1 cell lysates. The specific
bands were visualized by anti-moesin mAbs, pAbs from AA patients, or
control human 1gG pAbs from healthy individuals as described in a pre-
vious report (11). The expression levels of a-tubulin were determined as an
internal control using Western blotting with anti-a-tubulin mAbs (Sigma-
Aldrich; no. T 5168),

Isolation of proteins on the surface of THP-1 cells

The THP-1 cells were treated with sulfo-NHS-5S-biotin, and the cell
surface proteins were isolated with avidin-fixed columns according to
the manufacturer’s instructions (Pierce). Thereafter, 1 X 107 cells were
washed twice with 8 ml of ice-cold PBS. The cells were suspended in 10
ml PBS containing 2 5 mg sulfo-NHS-SS-Biotin and incubated for 30 min
at 4°C. Then, 500 ul of quenching solution was added to the cell suspen-
sion and the cells were washed with 10 ml TBS twice. The cell pellet was
lysed in 500 ul of lysis buffer comaining 60 ! of preotease inhibitor
cocktail (Sigma-Aldrich: no. P-8340) and then disrupted by sonication. The
biotin-labeled membrane proteins were isolated by an immobilized Neu-
trAvidin Gel column. The isolated membranc proteins were subjected o
Western blotting and peptide mass fingerprinting

Peptide mass fingerprinting

Mass spectrometric identification of 80- and 75-kDa proteins on the
surface of the THP-| cells was performed as previously described (21)
In brief, the proteins fractionated by SDS-PAGE were visualized by
Coomassic Brilliant Blue staiming and the 80- and 75-kDa bands were
excised from gels, followed by in-gel digestions with trypsin (Promega)
in u buffer containing 50 mM ium bicarbonate (pH 8.0) and 2%
acetonitrile overnight at 37°C. Molecular mass analyses of the tryptic
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FIGURE 1. Expression of moesin-like molecules on the surface of various blood cells. PB lymphocytes, granulocytes, and monocytes, as well as BM

lear cells, of a healthy individual and a patient with AA were analyzed by flow cytometry. The gate was set up for lymphocytes (a—d), CD3
Iymphocytes (e), granulocytes (g and /), and monocytes (h and k) derived from a healthy individual and monocytes (i and /) derived from an AA patient.
BM mononuclear cells (f) of a healthy individual were included in the analysis. One representative result of three experimems is shown.

peptides were performed by matrix-assisted laser desorption/ionization molecular weights determined by matrix-assisted laser desorption/ion-
time-of-flight mass spectrometry using an ultrafles TOF/TOF (Bruker ization time-of-flight mass spectrometry and the theoretical peptide
Daltonies), The proteins were identificd by comparisons between Lhe masses of proteins registered in NCBInr,
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FIGURE 2.
for the cell surface expression of moesin-like molecules. Left lines, mouse 1gG

Expression of moesin-like molecules on the surface of T cell and monocytic leukemia cell lines. A-C, Three leukemia cell lines were examimed

used as negative control; nght fines, FITC-labeled anti-moesin mAbs. D, THP-1

cells were culwred in the presence or absence of 20 ng/ml PMA for 24 h and then the PMA-stimulaied cells were further cultured in the presence of 10 ng/ml
LPS for 20 h. The cultured cells were analyzed for the expression of moesin-like molecules by flow cytometry. One representative result is shown,

Transfection of moesin short hairpin (shRNA)

Moesin shRNA plasmid (pENTR/moesin-shRNA-264) (22) was kindly
provided by Dr. G. M. Kelly of the University of Western Ontario (Ontario,
Canada). THP-1 cells were transfected by electroporation using a Gene
Pulser Il Electroporation System (Bio-Rad), In brief, 3-5 pg of moesin
shRNA plasmid or control shRNA (pENTR/UG-GW/lacZ* ™™ ) was mixed
with 800 pl of Opti-Mem 1 medium (Invitrogen) containing 1 X 10"
THP-1 cells and incubated on ice for 10 min. The cells were electroporated
in & 4-mm cuvente (Bio-Rad) at the senting of 300 V of voltage pulse and
960 wF of capacitance. Immediately after clectroporation, the trunsfected

A

THP-1 cells were left on ice for 10 min and then 3 mi of RPMI 1640 con-
taining 10% FCS was added to the cell suspension followed by overnight
incubation at 37°C. The cells were rinsed and cultured in 3 mil of fresh RPMI
1640 contaiming 10% FCS for 72 h at 37°C in a CO, incubator and were
unalyzed for the expression of moesin-like molecules by flow cytometry using
FITC-labeled anti-moesin mAb (clone 38/87; Neomarkers)

ELISA

The TNF-a and IFN-y concentration in the culture supematant, as well as
in PB serum and BM plasma was measured using ELISA kits (Mabtech;

Cell
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Isolation and identification of proteins on THP-1 cells recognized by anti-moesin Abs. A, THP-1 cells were treated with sulfo-NHS-SS-biotin

and the cell surface proteins were isolated with avidin-fixed columns. B, Three different protein lysates (a, whole cells: b, cytoplasmic proteins; and ¢,

surface proteins) were subjected to Western blotting with anti-moesin mAbs.

C, THP-1 cell lysates (a) and surface proteins (c) isolated from THP-1 cells

were subjected to Western blotting using anti-moesin pAbs purified from two AA patients’ sera (AA | and AA2) or non-specific control human 1gG pAbs

purified from two healthy individuals” sera (H11 and HIZ).
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AB. No. 3510-1H-20, and Mabtech: AB. No. 3420- 1H-6) according to the
manufacturer’s instructions. The OD absorbance at 450 nm was determined
using a SLTEAR 340 ATELISA reader (SLT-Labinstruments). For deter-
mination of cytokine levels in the PB serum and BM plasma, the following
additional procedures were performed. Samples were centrifuged at 10,000
rpm for 10 min. ELISA plates were covered with 200 pliwell of TNF-a
assay diluent (cBioscience; No, 00-4202-AD) or IFN-y assay diluem
(Mabtech; No. 3652-D) for | h at room temperature before adding samples
1o block nonspecific reactions. TNF-a assay diluent (eBioscience: No, (X0-
4202-AD) and IFN-y assay diluent (Mabtech: No. 3652-D) were used to
dilute biotinylated mAb TNF-a-11 solution and biotinylated mab 7-B6-1,
respectively.

Staristics

The results are given as the mean = SD, Comparisons were made using the
paired f test.

Results
Expression of moesin-like molecules on the surface of various

blood cells

To confirm the expression of moesin-like molecules on the PB and
BM cells, various leukocyte subsets were examined using flow
cylometry with anti-moesin mAbs. Fig. 1 shows the representative
results of flow cytometry on one healthy individual, Moesin-like
molecules were detectable on T cells, NK cells, and monocytes on
their surface but not on B cells, neutrophils, and BM CD34 " cells
as shown in Fig. 1. All three healthy individuals and the three AA
patients showed similar results except that moesin-like molecules
were not detectable on monocytes derived from the three AA pa-
tients. The mean fluorescence intensity values of the monocytes
from healthy individuals and AA patients were 11.5 £ 2.2 and
6.6 = 2.1, respectively, and the difference was significant (mean
fluorescence intensity + SD, p < (.03, unpaired 1 test). In addition
to the leukocyte subscts from the healthy individuals, moesin-like
molecules were detectable on a T cell leukemia cell line Molt-4 as
well as on monocytic leukemia cell lines U937 and THP-1 (Fig. 2),
while they were undetectable on myeloid leukemia cell lines such
as K562, UT-7, OUN-|, and TF-1. They were either undetectable
on the Burkitt lymphoma cell line, Daudi, or T cell lymphoma cell
line, Jurkat (data not shown). The treatment of THP-1 with 20
ng/ml PMA for 24 h and/or 10 ng/ml LPS for 20 h augmented the
expression of moesin-like molecules (Fig. 2D), thus, indicating an
up-regulation of the moesin-like molecules associated with the dif-
ferentiation of THP-1 cells into macrophages.

Identification of moesin on the surface of THP-1 cells

To identify the proteins on THP-1 cells recognized by anti-moesin
Abs, the THP-1 cells were treated with sulfo-NHS-SS-biotin and
the cell surface proteins were isolated with avidin-fixed columns
(Fig. 34). Western blotting of the isolated proteins with anti-
moesin mAbs showed two clear bands of which the sizes were 75
and 80 kDa (Fig. 3B). Mass fingerprinting of the eluted protein
revealed the 80 kDa protein to be moesin. The 75 kD band proved
to be nucleolin and cukaryotic translation elongation factor 2. To
confirm that anti-moesin pAbs in the serum of AA patients can
bind to this cell surface moesin, anti-moesin pAbs were purified from
the AA patients’ sera (AA1 and AA2) with recombinant moesin pro-
teins using affinity chromatography and then were used for Western
blotting. As shown in Fig. 3C, the serum-derived anti-moesin pAbs
bound to moesin derived from the surface proteins of THP-1.

Effect of moesin-specific shRNA on the expression of moesin on
THP-1 cells

To further confirm the expression of moesin on the surface of

THP-1 cells. the cells were transfected with moesin shRNA using
electroporation. Flow cytometry showed a decrease in the moesin
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FIGURE 4. Effect of moesin shRNA transfection on the expression of
moesin by THP-1 cells. A, THP-1 cells transfected with 5 pg of moesin
shRNA or control shRNA were examined for the expression of moesin
with flow cytometry. The blue line, non-transfected THP-1 cells stained
with control mouse IgG 1 mAbs: the green line, in shRNA fected
cells stained with anti-moesin IgG1 mAbs; the red line, negative control
shRNA transfected cells stained with anti-moesin IgG1 mAbs. B, Negative
control ShRNA or moesin-specific shRNA transfected THP-1 cell lysates
were examined by Western blotting. 1, 5 pg control shRNA: 2, 3 ug
moesin sShRINA; 3, 5 pg moesin shRNA,

expression level on the surface of the THP-1 cells transfected with
moesin shRNA in comparison to the THP-1 cells transfected with
negative control shRNA (Fig. 44). When the THP-1 cells trans-
fected with different dosages of moesin-specific shRNA were ex-
amined by Western blotting, the moesin expression by the THP-1
cells was decreased in a dose-dependent manner. The control
shRNA specific to LacZ had no effect on moesin expression.

Effect of anti-moesin Abs on THP-1 cells

To determine whether anti-moesin Abs have some effects on
THP-1 cells, the THP-1 cells were cultured in the p e of
anti-moesin Abs or control [gG for 48 h and the TNF-a concen-
tration of the culture supernatant was measured using ELISA. Both
the anti-moesin mAbs and pAbs induced a significantly greater
amount of TNF-a from the THP-1 cells than did the control 1gG
(Fig. 54). The amount of TNF-a induced by anti-moesin pAbs (5
pg/ml) was almost comparable to that induced by LPS (100 ng/ml)
(Fig. 5A). The anti-moesin pAbs” binding to moesin on the THP-1
cells was ascertained by flow cytometry (Fig. 5B).

Effect of anti-moesin pAbs on PBMCs, monocytes, and T cells
from healthy individuals and AA patients

The expression of moesin on the T cells and monocytes as well as
the TNF-« secretion from the THP-1 cells induced by anti-moesin
pAbs suggested that anti-moesin pAbs in the AA patients’ sera
might also stimulate these immune cells from healthy individuals
and AA patients to secrete cytokines, When the PBMCs from
healthy individuals were incubated for 48 h in the presence of 5
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FIGURE 5. TNF-a release from THP-] cells stimulated by anti-moesin
Abs. A, THP-1 cells were cultured for 48 h with 5 pg/ml of anti-moesin
Abs or control Abs. Anti-moesin pAbs, anti-moesin polycional 1gG iso-
lated from the serum of AA patients; control human pAbs, control human
IgGG pAbs isolated from healthy individuals; anti-moesin mAbs, anti-
moesin mouse IgGl mAbs (clone 38/87); control mouse mAbs. control
mouse [gGl mAbs. Then, 100 ng/ml LPS was used as a positive conirol
The dara represent the mean TNF-« concentration = SD of three experi
ments. *, p < 0.01 vs control Abs. B, The detection of moesin on THP-1
cells by anti-moesin pAbs purified from the serum of an AA patient

ug/ml of anti-moesin pAbs, the amount of TNF-a in the culture
medium was approximately 10 times more than those of control
cultures and was more than half of that of the culture stimulated by
100 ng/ml of LPS (Fig. 64). The same concentration of anti-moesin
pAbs induced a similar amount of TNF-e from the PBMCs from AA
patients (Fig. 68). On the other hand, when monocytes isolated from
the PBMC of healthy individuals or AA patients were used as a targel,
anti-moesin pAbs induced less than half the amount of TNF-« of that
induced from whole PBMCs (Fig. 6, C and D).

The unexpectedly high inducibility of TNF-a secretion from the
PBMCs by the anti-moesin pAbs prompted studies on the induc-
ibility of IFN-y secretion from the PBMCs by the Abs, Fig. 7, A
and B, shows the effect of anti-moesin Abs on the IFN-y secretion
from PBMCs. Although anti-moesin pAbs alone could not induce
[FN-+v secretion from the PBMCs denved from healthy individu-
als, the Abs stimulated PBMCs that were prestimulated with anti-
CD3 mAbs to secrete nearly as much IFN-y as that PHA did. In
contrast, the PBMCs from the AA patients could secrete [FN-y in
response o anti-moesin pAbs without the prestimulation by anti-
CD3 mAbs, and the amount of IFN-y was approximately 40% as
much as that of the culure stimulated by 10 pg/ml of PHA. In
contrast, T cells isolated from the PBMC of healthy individuals or
AA patients could not secrete a significantly larger amount of IFN-y
in response Lo anti-moesin pAbs compared with that in response o
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FIGURE 6. TNF-a release from PBMCs or monocytes stimulated by
anti-moesin pAbs, The PBMCs or isolated monocytes were cultured for
48 h in the presence of 5 pg/ml of anti-moesin IgG pAbs or human control
IgG pAbs isolated from the serum of AA patients or healthy individuals.
Then, 100 ngiml of LPS was used as a positive control. PBMCs isolated
from 10 healthy ndividuals (A) and 7 AA patients (8], and monocyles
scparated from the PEMCs of 7 healthy individuals (C) and 7 AA patients
(D)), were used as targets. The data represent the mean TNF-a concentra-
tion * SD. =, p < 0.005 vs control Abs

control IgG pAbs (Fig. 7, C and D), and the amount of TFN-y secreted
by T cells was one-tenth as much as that by PBMCs.

When the sera of the 16 AA patients comprising 7 anti-moesin
Ab-positive and 9 anti-moesin Ab-negative palients were exam-
ined using ELISA, no significant differences in TNF-ar and IFN-y
concentrations were observed between the 2 groups (TNF-a:
$8.0 = 1063 pg/ml in anti-moesin Abs-positive patients, 90,1 =
161.3 in anti-moesin Abs-negative patients; IFN-y: 446 = 33.8
p/ml in anti-moesin Abs-positive patients, 47.5 * 44.9 pg/ml in
anti-moesin Abs-negative patients). None of the sera derived from
four healthy donors showed detectable levels of TNF-a (=5 pg/
ml) and TFN-y (=5 pg/ml). On the other hand, when the BM
plasma from five patients with AA was examined using ELISA,
three anti-moesin Abs-positive patients showed higher levels of
TNF-a {129, 338, and 349 pg/ml) compared with those of TNF-a
(13 and 128 pg/ml) in two anti-moesin Abs-negative patients,
IFN-y concentrations of three anti-moesin Abs-positive patients
were 29, 123, and 133 pg/ml, while those of two anti-moesin Abs-
negative patients were 13 and 80 pg/ml. None of the BM plasma
derived from three healthy donors showed deteciable levels of
TNF-a (=5 pg/ml) and IFN-y (=5 pg/ml).

Discussion

The present study revealed that the proteins recognized by the
anti-moesin Abs are detectable on the surface of various leuko-
cytes subsets including T cells, NK cells, and monocytes as well as
on T lymphocytic and monocytic leukemia cell lines. Moesin is an
intracellular protein that links the cell membrane and cytoskeleton,
and mediates the formation of microtubules and cell adhesion sites
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FIGURE 7. IFN-y release from
PBMCs or T cells stimulated by anti-
maoesin Abs. The PBMCs or isolated T =
cells were cultured for 48 h in the pres- %
ence of § pg/ml of anti-moesin 1gG -
pAbs or human control 1gG pAbs jso- T
Lated from the serum of AA patients or ﬁ.
healthy individuals, Then, 10 pgiml .
PHA was used as a positive control.

owthry imubividuahs (=)

=

]

i

IFN-y (pg/ml)

Unprimed PAMCs (1) or CD3-primed
PBMCs () were used for the culture .
PBMCs were solated from  seven C
healthy individuals (A) and six AA pa-

tens (B). Uncostimulated T cells (L) —_
or CD3-costimulated T cells () were E
used for the culture, T cells were E
isolated from the PBMCs of seven ;.:
healthy individuals (€) and seven E
AA patients (1), The data represent =
the mean IFN-y concentration =

SD. », p < 0.0001 vs control Abs;

wo, p = 0.04 vs contral Abs.

as well as ruffling of the cell membrane (17). This membrane-
linking protein is expressed by various blood cells including
megakaryocytes and granulocytes (23), but its expression was
thought to be localized inside the cell membrane and not on the
cell surface. Some studies revealed that anti-moesin Abs could
bind to the surface of T cells (18) and macrophages (19) in keeping
with our observation. However, none of the previous studies char-
acterized the cell surface protein recognized by the anti-moesin Abs.
Using biotin-labeled membrane proteins coupled with an avidin gel
column and peptide massfinger printing, the present study identified
the cell surface 80 kDa protein (o be moesin. The decrease in the cell
surface moesin induced by moesin shRNA has substantiated the pres-
ence of moesin on the cell surface of THP-1 cells.

Liutle is known about the function of anti-moesin Abs in vitro
and 1n vivo. [n contrast 1o our results, Amar et al. (24, 25) found
that anti-moesin mAbs (clone 38) suppressed LPS-induced TNF-a
secretion from monocytes through binding of moesin-like mole-
cules on the cell surface. They used a different anti-moesin mAbs
(clone 38) from the mAbs (clone 38/87) used in the present study.
When we examined the effect of clone 38 mAbs on TNF-u« secre-
tion from THP-1 cells induced by LPS using the same condition as
the one described by Amar et al. (24), a dose-dependent inhibition
of TNF-u secretion was observed (data not shown). In contract to
clone 38/87 mAb and pAbs from AA patients’ sera, the clone 38
mAbs alone did not induce TNF-a secretion from THP-1 cells.
Because the clone 38 preparation contains 1.5 mM sodium azide as
a preservative, it 1s most hikely that the dose-dependent inhibition of
TNF-ar secretion by clone 38 mAbs was due 1o toxic effect of sodium
azide. Alternatively, clone 38 mAb which recognizes the C-terminal
portion (354 -564 amino acid residues) of moesin may exert a differ-
ent effect on THP-1 cells from the effect of mAb clone 38/87 which
recognizes the middle portion (317-398 amino acid residues) of moe-
sin and from the effect of pAbs purified from AA patients’ sera

The present study revealed that both mAbs and pAbs specific to
moesin stimulated the THP-1 cells to secrete TNF-a at an Ab
concentration compatible 1o that in the serum of the AA patients,
Moreover, anti-moesin pAbs were as potent as LPS in inducing
TNF-a secretion from the PBMCs derived from healthy individ-
uals and the AA patients. Our preliminary analyses on the activa-
tion of signaling pathways leading to TNF-a secretion from THP-1
cells showed the phosphorylation of ERK1/2 kinase induced by

ity inbividduads (w73
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anti-moesin Abs (49" American Society of Hematology annual
meetng abstract #1690, 2007 and submitted). In two patients from
whom anti-moesin pAbs were purificd, the Abs induced TNF-«
release from autologous PBMCs, High concentrations of TNF-a
were indeed present in the BM sera of two patients with high
anti-moesin Ab titer. Although no difference in the serum TNF-a
level was observed between anti-moesin Ab-positive and -negative
patients, these findings suggest that anti-moesin Abs may induce a
subtle amount of TNF-ax from the monocytes or macrophages in
the BM, thereby contributing to the pathogenesis of AA.

In contrast to TNF-a, IFN-y was not induced by the anti-moesin
pAbs alone from the PBMCs from healthy individuals, though anu-
moesin pAbs augmented IFN-y secretion from the PBMCs prestimu-
lated with anti-CD3 mAbs. On the other hand, anti-moesin pAbs stim-
uluted the PBMCs from the AA patients to secrete as much [FN-y as
did PHA. It has been shown that T cells from AA patients are in an
activated state and are prone to produce TFN-v in response to subop-
timal stimuli (26). The amount of secreted TNF-« from isolated
monocytes as well as the amount of secreted IFN-y from isolated T
cells was greatly reduced compared with those from unfractionated
PBMCs, The inability to secrete a sufficient amount TNF-a and
[FN-y of isolated monocytes and T cells suggests that the interaction
between monocytes and T cells may be required 1o efficiently respond
to extrinsic stimuli as described by previous reports (27, 28). When
the anti-moesin Abs titers in the serum were longitudinally measured
in three patients, the Abs titer decreased in two patients in association
with the response to immunosuppressive therapy, while the Abs titer
increased in one patient who became dependent on transfusions due to
the relapse of AA in comparison to the titer detected in remission
(data not shown), The high titer TNF-a levels in BM plasma of pa-
tients showing high anti-moesin Abs titers and the decrease in the Ab
titers in parallel with discase amelioration support the hypothesis that
anti-moesin Abs are involved in the pathogenesis of AA by way of
myelosuppressive cytokine induction from immunocompetent cells.
One may wonder why high tter anb-moesm Abs m some AA patients do
not induce hypercytokinemin. However, inability of T cell-stimulating
Abs such as anti-CD3 Abs 10 induce IFN-y secretion in vivo has been
shown by previous reports (29, 30), There may be some regulatory mech-
anisms that mitigate T cell activation by stimulating Abs i vivo.

A previous study demonstrated the presence of anti-moesin Abs
in 14-34% of patients with rheumatoid anthritis (11, 31), and a
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case-control study on AA conducted by the International Agran-
ulocytosis and Aplastic Anemia Study Group revealed that a past
history of rheumatoid arthnts s sigmbcantly associated with the
later development of AA (32). The anti-moesin pAbs derived from
patients with rheumatoid arthntis also enhanced TNF-a secretion
from THP-1 cells (data not shown). It is, therefore, possible that
AA and rheumatord arthnuis may share pathogenetic mechanisms
leading to a breakdown of immunoelogic wlerance to moesin, Anti-
TNF-a therapy has been successfully used for patients with rheu
matoid arthritis (33-35) as well as for some patients with myelo-
dysplastic syndrome (36, 37). Recent reports have shown the efficacy
of anti-CD20 Abs in restoning hematopoietic functions of AA (38,
39). Therefore, autoAbs capable of inducing cytokine secretion like
anti-moesin Abs may be a new target of therapy for AA.
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Reconstitution of viral-specific T-cell and humoral
immunity after cord blood transpl ion in adul

S. Takahashi, N. Watanabe, J. Ooi, A. Tomanari, T, Konurna,
N. Tsukada, A. Tojo, H. Nakauchi, S. Asana

Institute of Medical Science (Tokyo, JP)

Viral infection remains a significant cause of mortality and
morbidity following cord blood transplantation (CET). On the
other hand, we have recently reported that adult patients with
hematological malignancies receiving CBT from HLA-partially-
mismatched unrelated donors (n=68) had a lower risk of
transplant-related mortality (9% versus 20% at 1 year) and a
higher probability of disease-free survival (74% versus 44% at
2 years) than HLA-maiched unrelated bone marmow transplant
reciplents (n=45) (Takahashi et al, Blood, 2004). We
speculated that the immune reconstitution process over a
period of several months after CBT might have contributed to
these promising clinical results

Naive cord blood CD4+ T cells rapidly increased in number
and adopted a memory phenctype showing cytokine-
production and antigen-recognition capacity in the early phase
after CBT. To investigate whether these T cells with memory
phenotype are functional, we analyzed antigen-specific T-cell
recovery using cytomegalovirus (CMV) as a specific antigen
CMV-responsive CD4+ T cells ware detectad within the first 4
months in all recipients with positive CMV antigenemia (n=13),
but CD8+ T cells were detected in 5 out of 13 cases. Those
who reactivated with CMV responded well to antiviral therapy,
except one has developed fatal CMV encephalitis

We have also assayed the productive ability of viral antibodies
by donor B cells after CBT (median: 26.5 months) for 43
adults. Circulating B cell counts were recovered at the 3
months after CBT in those patients. One third of them still
received cyclosporine. The median value of serum IgG levels
was almost 1000 mg/dL. Patients who received Intravenous
immunoglobulin as supplementation within 3 months were
excluded from this analysis because the half-life of exogenous
immunoglobulin was almost 3-4 weeks. Some recipients have
antibodies nat only for the Herpes viruses, but also Rubella
(64%), Mumps (31%) and Measles (62%). None of those
patients have a history of the viral infection after CBT. There
were no comelations of antibody-positivity and GVHD status,
administration of immunosupressants or serum
immunoglobulin levels. Our results indicated guantitive and
functional B cell recovery was observed in the early period
after CBT. This might be because of the good recovery of
CD4+ helper T cells

Our results suggest that recovery of virus-specific immune
responses is delayed, bul might be established within certain
period after CBT
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