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Anti-Moesin Antibodies in the Serum of Patients with Aplastic
Anemia Stimulate Peripheral Blood Mononuclear Cells to
Secrete TNF-a 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 efects 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 from 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-a 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 PEMCs 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 pancytopenta and bone marrow (BM) hypoplasia

(1). The T cell-mediated suppression of hematopoiesis
is 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 1o 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.. kinectin (Ref. 8)
and DRS-1 (Ref. 9)), their roles in the pathophysiology of AA
are unclear.
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Of the various autoAbs detected in the autoimmune diseases,
some are known 10 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 amoAbs specific to platelet-denved
growth factor receptors in patients with scleroderma and those
with extensive chronic graft-vs-host diseases trigger an intra-
cellutar loop, involving Ha-Ras-ERK | and 2 (ERK 1/2)-reac-
tive oxygen species (Ha-Ras-ERK 1/2-ROS), and augment col-
lagen gene expression as well as myofibroblast phenotype
conversion of normal human primary fibroblasis (14, 15). The
anti-protemase 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 patents 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 1 AA patients.

We previously demonstrated that Abs specific to moesin, a
membrane-cyloskeleton linker protein in the cytoplasm, were de-
tectable in approximately 40% of AA patients (11), Moesin is an
intracellular protein that links the cell membrane and cytoskeleton,
and medimes 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 recognized 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 of myelosuppressive cytokines such as TNF-a and
IFN-y. 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
blood cells and the effects of anti-moesin Abs on the moesin-expressing
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cells. The presemt study revealed a novel function of autoAbs,
which may contribute to the pathophysiology of BM farlure.

Materials and Methods
Study subjecis (patients)

Sera were obtained from 19 patients with AA and 4 healthy individuals,
BM pl was obtained from five pat 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 obrained from 7 pauenis with AA and 10
healthy individuals and BM was aspirated from 3 healthy individuals.
The PBMCs were isolated using lymphoprep (Ny di. All pati
and healthy volunteers provided an informed consent before sampling
according 1o the Declaration of Helsinki. This study was approved by
the human research committee of Kanazawa University Graduate
School of Medical Science

Cell lines

Moli-4, THP-1, U937, K562, Daudi, and Jurkat cell lines were purchased
from the Health Science Research R ces Bank. A megakaryoblasti
leukemia cell line UT-7, a myeloid leukemia cell lines OUN-1, and a
myelodysplustic syndrome cell line TF-1 were provided by Dr. N. K

of Jichi Medical School, Dr. M. Yasukawa of Ehime University, and Dr. §,
Ogawa of the University of Tokyo, respectively.

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

The anti-moesin polyclonal Abs (pAbs) were purified from the patients’
serum with affmity 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-activated 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 hinding buffer, the whole 1g0 was eluted
with the elution buffer and neutralized with the neutralizing buffer. The
purified IgG 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 eluted with the elution
buffer (100 mM glycine-HCl and 500 mM NaCl (pH 2.7)). The purified
anti-moesin pAbs were dialyzed in PBS a1 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 Brilliam 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),
CDI19-PE (BD Pharmingen: No. 555413), CD4-PE (BD Pharmingen;
No. 3147327), CD-8-PE (BD Pharmingen: no. 555367), CDI4-PE (BD
Pharmingen;, No. 555398), CDM 1b-PE (BD Pharmingen; No. 555388),
CD34-PE (BD Pharmingen; no. 348057), and CD3-Cy-Chrome (BD
Pharmingen, no. $55334), lsotype-matched control mAbs (BD Pharm-

mAbs (clone 38/87,

molecules by flow cy y using anti
Neomarkers,

)
Isolation of monocyvies and T cells

Monocytes were isolated by plastic adherence as previously described
(20, In brief, § x 10" PBMCs/well were distributed into 12-well plates
(Comning} and allowed 1o adhere in a $% CO, incubator a1 37" for 2 h
in RPMI 1640 supplemented with 10% (v/v) heat-inactivated FCS, 100
U/ml penicillin - 0.1 mg/ml streptomycin (Invitrogen; No.15140-148)
and 10 pg/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-5001 following the manufacturer instructions. The punty of
enriched T cells and monocytes was approximately 90% as determined
by flow cytometry using anti-CD3-PE and anti-CD-14-PE mAbs,

respectively.

Stimulation of THP-1 cells, PBMCs, monocytes, and T cells
with anti-moesin Abs

THP-| 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 10
climinate any contaminating endotoxin. The endatoxin conc ion in
the pAbs and the reagents used for culture was < 10 pg/ml as demon-
strated by chr 2 Limilus yie lysate assay (Seikagaku).
The cells (5 % 10%) were incubated for 48 h in the presence of 5 ug/m]
of anti-moesin mouse mAbs (clone 38/87, 1gG1; Neomarkers) or 5-10
ug/ml of pAbs isolated from the serum of AA patients as described
above. Mouse mAbs (Coulter Cloneg; 1gG1, no. 6602872) and control
human IgG pAbs isolated from healthy individuals were used as neg-
ative controls. This Ab ation was selected based on an esti-
mated ion of anti pAbs in the serum of an AA patient.
For prestimulation of PBMCs 10 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-D037) 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 of
1FN-y secretion, respectively, and control human I1gG pAbs isolated
from healthy individuals were added as a negative control.

Western blotting

Western bloting 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-o-tubulin mAbs (Sigma-
Aldrich: no, T 5168).

Tsaleti

ingen) were used as negative controls, For the detection of in-like
molecules on leukocytes and leukemia cell lines, | pl of anti-moesin
mAbs and 2 ul of PE-lubeled mAbs were added to 50 ul of cell sus-
pension containing | % 10” cells and the suspension was incubated on
ice for 30 min, For the detection of moesin-hike molecules by pAbs, | %
10° THP-1 cells were washed twice with PBS containing 1% BSA (Sig-
ra-Aldrich; no. A8022) and resuspended in 200 wl of a PBS containing
2% FCS, 2% goat serum, and 2% BSA, The cell suspension was incu-
bated for 30 min a1 4°C. Then, 5 pgfml anti-moesin pAbs or isotype
control human 1gG pAbs isolated from healthy individuals were added
1o the cell suspension and incubated for | h at 4°C. The cells were
washed twice with PBS containing 1% BSA followed by incubation
with a secondary Ab (goat anmti-human 1gG 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 PRS containing 1% BSA and subjected w flow cytometry.

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) und mcubated
for 24 h at 37°C in a4 CO, incubator. A romal of 10 ng/ml LPS (Sigma-
Aldnich: no. L2880) was added 1o the cell suspension and further incubated
for 20 h. The cultured cells were analyzed for the expression of moesin-like

of proteins on the surface of THP-1 cells

The THP-1 cells were treated with sulfo-NHS-85-biotin. and the cell
surface proteins were isolated with avidin-fixed columns according to
the manufacturer’s instructions (Picrce), Thereafter, 1 % 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
a1 4°C. Then, 500 pl of quenching solution was added 10 the cell suspen-
sion and the cells were washed with 10 ml TBS twice. The cell pellet was
lysed in S00 pul of lysis buffer containing 60 pl of preotease inhibitor
cocktail (Sigma-Aldrich; no, P-8340) and then disrupted by sonication. The
hiotin-labeled membrane proteins were isolated by an immobilized Neu-
trAvidin Gel column, The isolated membrane proteins were subjected to
Western blotting and peptide mass fingerprinting.

Peptide mass fingerprinting

Mass spectrometric identification of 80- and 75-kDa proteins on the
surfice of the THP-1 cells was performed as previously described (21)
In brief, the proteins fractionated by SDS-PAGE were visualized by
Coomassie Brilliant Blue staining and the 80. and 75-kDa bands were
excised from gels, followed by in-gel digestions with trypsin (Promega)
in a buffer containing 50 mM ammonium bicarbonate (pH 8.0) and 2%
acetonitrile overnight a 37°C. Molecular mass analyses of the tryptic
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The gate was set up for lymphocytes (a-d), CD3

lymphocytes (e), granulocytes (e and j), and monocytes (b and k) derived from a healthy individual and monoeytes (7 and [) derived from an AA patient

BM mononuclear cells () of a healthy individual were included in the analysis. One representative result of three experiments is shown

peptides were performed by matrix-assisted laser desorption/ionizahon
time-of-Aight mass spectrometry using an ultraflex TOF/TOF (Bruker
Dalwonics). The proteins were idemified by compansons between the

molecular weights determined by matrix-assisted laser desorptionfion-
ization time-of-flight mass spectromerry and the theoretical peptide
masses of proteins registered in NCBlnr
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FIGURE 2. Expression of moesin-like molecules on the surface of T cell and monocytic leukemia cell lines. A-C, Three leukemia cell lines were examined

for the cell surface expression of moesin-like molecules. Left lines, mouse 1gG used as negative control; right lines, FITC-labeled anti-moesin mAbs. 12, THP-1

cells were

Itured in the f or ab

LPS for 20 h. The cultured cells were analyzed for the eapression of moesin-like molecules by flow oy

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 1l Electroporation System (Bio-Rad). In brief, 3-5 pg of moesin
ShRNA plasmid or control ShRNA (pENTR/UG-GW/lacZ ™) was mixed
with 800 ul of Opti-Mem | medium (Invirrogen) containing 1 % 10°
THP-1 cells and incubated on ice for 10 min. The cells were electroporated
in a 4-mm cuvette (Bio-Rad) a1 the setting of 300 V of voliage pulse and
960 pF of capacitance. Immediately afier electroporation, the transfected

A

of 20 ng/ml PMA for 24 h and then the PMA-stimulated cells were further cultured in the presence of 10 ng/ml

ive result is shown.

¥, One rep

THP-| cells were left on ice for 10 min and then 3 ml of RPMI 1640 con-
ining 0% FCS was added to the cell suspension followed by overnight
incubation at 37°C. The cells were rinsed and cultured in 3 ml of fresh RPMI
1640 containing 10% FCS for 72 h at 37°C in a €O, incubator and were
analyzed for the expression of mocsin-like molecules by flow cytometry using
FITC-labeled anti-moesin mAb (clone I8/BT7. Neomarkers),

ELISA

The TNF-e and IFN-y concentration in the culiure supernatant, as well as
n PB serum and BM plasma was measured using ELISA kits (Mabtech;

Cell + = —  Elution cell surface proteins
. >
BN
Anti-moesin pAbs Human pAbs
B Anti-moesin mAbs C AAL AA2 AAL AA2 HII HI2

A b €
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FIGURE 3.

v
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Isalation and identification of proteins on THP-1 cells recognized by anti-moesin Abs. A, THP-1 cells were treated with sulfo-NHS-55-biotin

and the cell surface proteins were isolated with avidin-fixed columns. B, Three different protein lysates (a, whole cells: b, cytoplasmic proteins, and o,
surfuce proteins) were subjected to Western blotng with anti-moesin mAbs, C, THP-1 cell lysates (@) and surface proteins (¢) 1solated from THP-| cells
were subjected to Western blotting using anti-moesin pAbs punfied from two AA patients’ sera (AAT and AAZ} or non-specific control human 1gG pAbs
purified from two healthy individuals’ sera (HI and HI2).
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AB, No. 3510-1H-20, and Mabtech; AB, No, 3420-1H-6) according to the
manufucturer’s instructions, The OD absorbance at 450 nm was determined
using a4 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 plaes were covered with 200 pliwell of TNF-a
assay diluemt (eBioscience; No. 00-4202-AD) or IFN-y assay diluent
(Mabtech: No. 3652-D) for | h at room temperature before adding samples
to block nonspecific reactions, TNF-ar assay diluent (eBioscience; No. 00-
4202-AD) and IFN-y assay dilueni (Mabtech; No, 3652-D) were used 1o
dilute biotinylated mAb TNF-a-1l solution and biotinylated mAb 7-Bé- |,

respectively
Statistics

The results are given as the mean = SD, Comparisons were made using the
paired 1 1est

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
cylomerry with anti-moesin mAbs. Fig. 1 shows the representative
results of flow eytometry 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 monocyies derived from the three AA pa-
tients. The mean fluorescence intensity values of the monocyles
from healthy individuals and AA patients were 11,5 = 2.2 and
6.6 = 2.1, respectively, and the difference was significant (mean
fluorescence mtensity = SD, p < 0.05, unpaired 1 test). In addition
1o the leukocyte subsets from the healthy individuals, moesin-like
molecules were detectable on a T cell leukemua cell line Molt-4 as
well as on monoeytic leukemig cell lines U937 and THP-1 (Fig. 2),
while they were undetectable on myeloid leukemia cell lines such
as K562, UT-7, OUN-1. and TF-1. They were either undetectable
on the Burkiu 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. 20). thus, indicating an
up-regulation of the moesin-like molecules associated with the dif-
ferentiation of THP-1 cells imto 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-botin and
the cell surface proteins were isolated with avidin-fixed columns
(Fig. 3A). Western blotting of the 1solated proteins with anu-
moesin mAbs showed two clear bands of which the sizes were 75
and 80 kDa (Fig. 38). Mass fingerprinting of the eluted protein
revealed the 80 kDa protein 1o be moesin. The 75 kD band proved
to be nucleolin and eukaryotie translation elongation factor 2, To
confirm that anti-moesin pAbs in the serum of AA patients can
bind ta this cell surface moesin, anti-moesin pAbs were purified from
the AA patients’ sera (AA ] and AAZ) with recombinant moesin pro-
teins using affinity chromatography and then were used for Westemn
bloting. As shown in Fig. 3C, the serum-denved 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-I 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

707
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FIGURE 4. Effect of moesin shRNA transfection on the expression of
moesin by THP-1 cells. A, THP-1 cells wransfected with 3 pug 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 1gG 1 mAbs, the green line, moesin shRNA transfected
cells stined with anti-moesin 1gG1 mAbs; the red line. negative control
shRNA transfected cells stained with anti-moesin IgG1 mAbs. 8, 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 shRNA: 3, 5 up moesin shRNA

expression level on the surface of the THP-1 cells transtected with
moesin shRNA in comparnison 10 the THP-] cells transfected with
negative control shRNA (Fig. 4A4). When the THP-1 cells truns-
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 presence of
anti-moesin Abs or control 1gG 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-| cells than did the control 1gG
(Fig. 34). The amoum of TNF-a induced by anti-moesm 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 ascertwined by flow cytometry (Fig. S8

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-a 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 cylokines, When the PBMCs from
healthy individuals were incubated for 48 h in the presence of §



708 SECRETION OF TNF AND IFN FROM PBMCs BY ANTI-MOESIN Abs

>
g

2

TNF-a (pg/ml)
g

LPS Antmwsis Aot werds Comtrel Conud  Mladiom

AL mAM

Buman  messe
PARs - Ak

10°

10%
Anti-moesin FITC
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Abs. A, THP-| cells were cultured for 48 h with 5 ug/ml of anti-moesin
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The data represent the mean TNF-a concentration = SD of three experi-
ments. *, p < 0.01 vs comrol Abs, B, The detection of moesin on THP-1
cells by anti-moesin pAbs purified from the serum of an AA patient

104

pg/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. 6A4), The same concentration of anti-moesin
pAbs induced a similar amount of TNF-a from the PBMCs from AA
patients (Fig. 68). On the other hand, when monocytes 1solated from
the PBMC of healthy individuals or AA patients were used as a target,
anti-moesin pAbs induced less than half the amount of TNF-a of that
induced from whole PBMCs (Fig. 6, € 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
und B, shows the effcet of anti-moesin Abs on the IFN-y secretion
from PBMCs. Although anti-moesin pAbs alone could not induce
IFN-v secretion from the PBMCs denived from healthy individu-
als, the Abs stimulated PBMCs that were prestimulated with anti-
CD3 mAbs 1o secrete nearly as much IFN-y as that PHA did. In
contrast, the PBMCs from the AA patients could secrete IFN-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 culture stimulated by 10 gg/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 to anti-moesin pAbs compared with that in response to
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FIGURE 6, TNF-x release from PBMCs or monocytes stimulated by
anti-moesin pAbs. The PBMCs or isolated monocytes were cultured for
48 hin the presence of S pg/ml of anti-moesin 1gG pAbs or human control
1gG pAbs isolated from the serum of AA patients or healthy individuals,
Then, 100 ng/ml of LPS was used as a positive control. PBMCs Isolated
from 10 healthy individuals (A) and 7 AA patents (8), and monocytes
separated from the PBMCs of 7 healthy individuals (€) 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 1gG pAbs (Fig. 7. C and 1), and the amount of IFN-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 patienls were exam-
ined using ELISA. no significant differences in TNF-a and [FN-y
concentrations were observed between the 2 groups (TNF-a:
B8.0 * 106.3 pg/ml in anti-moesin Abs-positive patients, 90.1 *
161.3 in anti-moesin Abs-negative patients: IFN-y: 44.6 = 33.8
pe/ml in anti-moesin Abs-positive patients, 47.5 = 449 pg/ml in
anti-moesin Abs-pegative patients). None of the sera denved from
four healthy donors showed detectable levels of TNF-a (=5 pg/
ml) and IFN-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-¥ concentrations of three anti-moesin Abs-positive palients
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 detectable levels of
TNF-a (=5 pg/ml) and IFN-y (>>5 pg/mi).

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 monoeyuie 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-
moesin Abs. The PBMCs or isolated T
cells were cultured for 48 h in the pres-
ence of 5 ug/ml of anti-moesin 1gG
pAbs or human control 1gG pAbs Iso-
lated from the serum of AA patients or
healthy individuals. Then, 10 pg/ml
PHA was used as a positive control
Unprimed PBMCs ([7]) or CD3-primed
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PEMCs (ll) were used for the culure.
PHMCs were isoluted from seven
healthy individuals (A) and six AA pa-
tients (B). Uncostimulated T cells ()
or CD3-costimulated T cells (M) were
used for the culture. T cells were
isolated from the PBMCs of seven
healthy Individuals () and seven
AA patients (), The data represent
the mean IFN-¥ concentration =
SD. « p < 0.0001 vs control Abs:
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as well as ruffing of the cell membrane (17). This membrane-
linking protein 15 expressed by vanous blood cells including
megakaryocytes and granulocytes (23). but its expression was
thought 1o be localized inside the cell membrane and not on the
cell surface. Some studies revealed that anti-moesin Abs could
bind 1o the surface of T cells (18) and macrophages (19) in keeping
with our observation. However, none of the previous studies char-
actenized the cell surface protein recognmzed by the anli-moesin Abs.
Using hiotin-labeled membrane proteins coupled with an avidin gel
column and peptide massfinger printing, the present study identified
the cell surface 80 kDa protein to 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.

Little ts known about the function of anti-moesin Abs in vitro
and in vive, In contrast o 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-a 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-a 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 preparanon contains 1.5 mM sodium azide as
a preservative, it is most likely that the dose-dependent inhubition of
TNF-a secretion by clone 38 mAbs was due to toxic effect of sodium
ande. Alternatively, clone 38 mAb which recognizes the C-terminal
portion (554-564 amino acid residues) of moesin may exent a differ-
ent effect on THP-1 cells from the effect of mAb clone 38/87 which
recognizes the middle portion (317-398 amine 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 o
moesin sumulated the THP-1 cells 10 secrete TNF-a at an Ab
concentration compatible 10 that in the serum of the AA patients,
Moreover, anti-moesin pAbs were as potent as LPS in inducing
TNF-ea secretion from the PBMCs derived from healthy individ-
uals and the AA patients. Our preliminary analyses on the activi-
tion of signaling pathways leading to TNF-a secretion from THP-|
cells showed the phosphorylation of ERK1/2 Kinase induced by

Fily —ll—-hl-ni Hdl- PHA sodlsmrsbis Lomirad  Viedlos
piis plbe
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anti-moesin Abs (49" Amenican Society of Hematology annual
meeting abstract #1690, 2007 and submitted). In two patients from
whom anti-moesin pAbs were punfied. the Abs induced TNF-a
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-o
level was observed between anti-moesin Ab-positive and -negative
patients, these findings suggest that ant-moesin Abs may mduce a
subtle amount of TNF-a from the monocytes or macrophages in
the BM, thereby contributing to the pathogenesis of AA.

In contrast to TNF-r, IFN-y was not induced by the ant-moesin
pAbs alone from the PBMCs from healthy individuals, though anti-
moesin pAbs angmented IFN-y secretion from the PBMCs presumu-
lated with anti-CD3 mAbs, On the other hand, anti-moesin pAbs stim-
ulated the PBMCs from the AA patients 10 secrete as much 1FN-vy as
did PHA. It has been shown that T cells from AA patients are in an
activated state and are prone to produce IFN-v in response to subop-
timal stimuli (26). The amount of secreted TNF-a 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
IFN-y of isolated monocytes and T cells suggests that the interaction
between monocytes and T cells may be required 1o efficiently respond
1o 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 1n association
with the response (o immunosuppressive therapy, while the Abs titer
increased in one patient who became dependent on transfusions due o
the relapse of AA in companson to the tter detected in remission
(data not shown), The high tter TNF-a levels in BM plasma of pa-
tients showing high anti-moesin Abs titers and the decrease in the Ab
uiters in parallel with disease amelioration support the hypothesis that
anti-moesin Abs are involved in the pathogenesis of AA by way of
myelosuppressive cytokine induction from immunocompetent cells,
Omne may wonder why high titer anti-moesin Abs in some AA patients do
not induce hypercytokinermia. However, mability of T cell-simulating
Abs such as anti-CD3 Abs 10 induce [FN-y seeretion in vivo has been
shown by previous reports (29, 30), There may be some regulatory mech-
anmsmes that mingate T cell actvation by stimulatimg Abs in vivo,

A previous study demonstrated the presence of anti-moesin Abs
in 14-34% of pauents with theumatoid arthritis (11. 31), and a
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case-control study on AA conducted by the Intermational Agran-
ulocytosis and Aplastic Anemia Study Group revealed that a past
history of rheumatoid arthnus is significantly associsted with the
later development of AA (32). The anti-moesin pAbs derived from
patients with rheumatord arthnus also enhanced TNF-a secretion
from THP-1 cells (data not shown), It is, therefore, possible that
AA and rheumatoid arthritis may share pathogenetic mechanisms
leading to a breakdown of immunologic tolerance to moesin. Anti-
TNF-a therapy has been successfully used for patients with rheu-
matoid arthnus (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 restonng 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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CD16* CD56 NK cells in the peripheral blood of cord blood
transplant recipients: a unique subset of NK cells possibly
associated with graft-versus-leukemia effect
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Abstract

A marked increase in CD18" CD56™ NK cells in the perpheral blood (PB) was observed in a cord blood
transplant (CBT) recipient with refractory acute myeloid leukaemia (AML) in association with attaining
molecular remission. CD16™ CD56™ NK cells isolated from the patient became CD16*CD56 NKG2D™ when
they were cultured in the presence of |L-2. Although cultured CD16°CD56 NK cells retained the killer-cell
immunoglobulin receptor (KIR)-igand (KIR-L) specificity and the patient’s leukemic cells expressed corre-
sponding KIR ligands, they killed patient's leukemic cells expressing ULBP2. The cytotoxicity by cultured
CD16°CD56™ NK cells was abrogated by anti-ULBP2 antibodies. When leukemic cells obtained at relapse
after CBT were examined, both the ULBP2 expression and susceptibility to the cultured NK cells
decreased in comparison to leukemic cells obtained before CBT. An increase in the CD16"CD56™ NK cell
count (0.5 x 10%/L or more) in PB was observed in seven of 11 (64%) CBT recipients but in none of 13
bone marrow (BM) and eight penpheral blood stem cell (PBSC) transplant recipients examined dunng the
similar period after transplantation. These findings suggest an increase in CD167CD56™ NK cells to be a
phenomenon unigque to CBT recipients and that mature NK cells derived from this NK cell subset may con-
tribute to the killing of leukemic cells expressing NKG2D ligands in vivo
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Cord blood transplantation (CBT) is being increasingly
used for treatment of hematologic malignancies because
its efficacy in the treatment of adult patients has been
proven based on the findings of recent studies (1-4). One
possible drawback of CBT is the less potent graft-versus-
leukemia (GVL) effect than that of bone marrow trans-
plantation (BMT) or peripheral blood stem cell trans-
planmation (PBSCT) due 1o the immaturity of T cells
contained in the cord blood (CB) graft (5). However, a
recent study has shown the relapse rate after CBT 1o be
comparable to that after BMT or PBSCT from human
leukocyte antigen (HLA) maiched sibling donors (1).
Moreover, an analysis on the outcome of CBT for adult
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patients with acute myeloid leukaemia (AML) in Japan
revealed that the rate of leukemic relapse after HLA-mis-
matched CBT was lower than that after HLA-matched
CBT despite the fact that the incidence of graft-versus-
host disease (GVHD) was similar between the two
groups (Cord Blood Bank Network of Japan: unpub-
lished observation). These clinical findings suggest that
immunocompetent cells other than T cells may mediate
the GVL effect after CBT.

Natural killer (NK) cells play a major role in the
development of GVL effect after an HLA-mismatched
stem cell transplantation (SCT) (6. 7). The GVL
effect by NK cells depends on the presence of
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HLA-mismatches and T cell recovery after SCT (8).
Because CBT 1s often carmed out from HLA-mis-
matched donors and is also associated with delayed T
cell recovery (9-11), NK cells may be more likely 10
contribute to the development of GVL effect after
CBT than after BMT or PBSCT. Few studies, how-
cver, have previously focused on the GVL effect by
NK cells after CBT.

CB has a unique subset of NK cells characterized
by a phenotype CD16°CD36™ (12-14). This NK cell
subset is thought to be immature NK cells capable of
differentiatimg into CDI16"CD56" NK cells (15). We
recently observed an apparent increase in this NK cell
subset i a patient who underwent reduced-intensity
CBT for the treatment of relapsed AML after PBSCT
from an HLA-compatible sibling donor. The patient
achieved a molecular remission of AML in association
with the NK cell increase. This observation prompted
the characterization of CDI16"CD56™ NK cells of this
patient and other patients after allogeneic SCT. The
present study revealed that CDI6 CDS6™ NK cells
may potentially play a role in the development of the
GVL effect in patients whose leukemic cells express
NKG2D hgands,

Materials and methods

Patients

Peripheral blood (PB) was obtained from 11 CBT, 13
BMT (10 from related and three from unrelated donors),
and eight PBSCT patients 2-135 months after transplan-
tation. None of the patients had active graft-versus-host
disease requiring corticosteroids at time of sampling or
signs of infection, The onginal diseases of the CBT recip-
ients included AML in four, non-Hodgkin's lymphoma
(NHL) in four, myelodysplastic syndromes (MDS) in
two and renal cell carcinoma in onc. In the BMT recipi-
ents, those were AML in four, acute lvmphoblastic leu-
kemia (ALL) in four, MDS in three, chronic myeloid
leukaemia (CML) in one, and aplastic anaemia (AA) in
one while in the PBSCT recipients, those were AML in
four, ALL in one, biphenotypic leukemia in two and
NHL in one. All CBT recipients received an HLA-mis-
matched graft; the number of HLA mismatches between
donor and recipient were two in seven, three in three and
four i one. No HLA mismatch was observed between
each donor and the BMT or PBSCT recipient except for
six PBSCT recipients whose mismatches with  their
donors was one in 1wo, two in one and three in one. This
study was approved by our institutional review board
and all patients gave their informed consent for the phe-
notypic and functional analyses of their peripheral blood
mononuclear cells (PBMCs).

Lusral

Phenotype analysis of PBMC after SCT and leukemia
cells

The cell surface phenotype was determined by three-
color flow cytometry. The cells were stained with various
monoclonal antibodies (mAbs) specific 1o cell surface
proteins including CD3, CD56. CDI16, CD158a, CD158b
(Becton Dickinson Pharmingen), NKG2A, NKG2D,
NKp30, NKp4d and NKp46 (Beckman Coulter, Mar-
seille, France). The expression of NKG2D ligands on
leukemic cells from a CBT recipient was determined
using mAbs specific 1o MICA/B (Becton Dickinson
Pharmingen), ULBP1, ULBP2 and ULBP3 (R&D Sys-
tems, Minneapolis, MN).

Cell separation

PBMCs were isolated using density gradient centrifuga-
tion. NK cells were enriched by negative selection using
immunomagnetic beads (Dynal NK cell isolation kit;
Dynal Biotech, Lake success, NY) according to the
manufacturer’s recommendation (16). NK cell purity
was confirmed by flow cytometry. CDI6°CD56" and
CDI6°CD36~ NK cells were separated from  the
enriched NK cells with ant-CD36-coated microBeads
(MACS) by passing them through two sequential large-
scale columns (Milteny Biotec, Gladbach, Germany)
according to the munufacturer's instructions, CD158b"
and CDIS8b~ NK cells were separated with anti-
CDI1S8b-FITC Abs and anti-FITC microbeads.

NK cell culture

Isolated 2 % 10° CD16° CD56 " and CDI6° CDS6 sub-
sets were cultured with or without 2 x 10° irradiated
(45 Gy) K562 cells transfected with the membrane-bound
form of 1L-15 and human 4-1BBL (K562-mb15-41BBL.)
kindly provided by Dr. Dario Campana of University of
Tennessee College of Medicine (17) in RPMI11640 con-
taining 10% fetal bovine serum (FBS), 50 U/mL pemicil-
lin, 50 pg/mL streptomycin and 100 IU/mL IL-2 for
14d. The cultured NK cells were washed with
RPMI1640 and then were used for the cytotoxicity
assay.

Transfection of 721-221 cells with retroviral vector

An HLA class [-negative B cell line 721-221 was trans-
fected with retrovirus vectors containing HLA-C*030]
(.221-Cw3) or HLA-C*0401 (.221-Cw4) as described pre-
viously (18). Transfectants were selected in the presence
of 0.1 mg/mL neomycin and 0.1 mg/mL puromycin. The
surface expression of HLA-C molecules was confirmed
by flow cytometry using a mAb HLA-ABC (Immuno-
tech. Marseille. France). A clone exhibiting the highest
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level of HLA-C expression was used as a target in the
cylotoxicity assay,

Cytotoxicity assay

NK cell cylotoxicity was assessed using the standard
chromium release assay, as described previously (19). In
blocking experiments, anti-ULBP Abs were added at
10 pg/mL to the *'Cr labeled target cells and target cells
were incubated at 37°C for 30 min before the addition of
NK cells. The percentage of specific lysis was calculated
using the formula: 100 x (count per minute [cpm]
released from test sample-cpm spontaneous release)/(cpm
maximum release — cpm spontancous release).

Statistical analysis

The significance of difference in the PB CD16 ' CDS6”
cell count between CBT recipients and recipients of BM,
PBSCT, or healthy individual was assessed by Student’s
r-test. The significance of difference in the time of sam-
pling after SCT between CBT, BMT and PBSCT was
assessed by Mann-Whitney test. P-values <0.05 were
considered to be sigmificant.

Results

An increase in the number of CD16°CD56 NK cells in
a CBT recipient

A S6-yr-old male (Patient 1) who relapsed with AML M0
after PBSCT from a sibling donor underwent CBT follow-
ing preconditioning with fludarabin 125 mg/m’, melpha-
lan 80 mg/m:_ and 4 Gy TBI. The patient’s leukemia was
refractory to chemotherapy and there were 18% leukemic
blasts in the PB at the time of preconditioning. He
achieved complete chimerism in PB on day 22 after CBT.
The WT1 copy number in BM RNA decreased from
13 000 copies/pg RNA before the start of preconditioning
to 140 copies/pug RNA on day 60 (20). However. it rose to
1500 copies/pug RNA on day 80 after CBT. Although a
molecular relapse was suspected. the WT1 copy number
spontancously decreased to 230 on day 172, Surface phe-
notype analysis of PB leukocytes on day 84 showed an
increase in the count of CD3I"CDI6 CD56™ NK cells
(Fig. 1). The CDI6 CD56~ NK cell count remained as
high as 3.2-4.5 % 10”/L for the following 11 months dur-
ing which he remained in remission. The patient eventu-
ally relapsed with AML and died 16 months after CBT.
The unexpected long term remission after reduced-inten-
sity CBT associated with an increase in the CD16° CD356

NK cell count prompted the characterization of the
CDI16" CD36~ NK cells of this patient and other patienis
who underwent allogeneic SCT.
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Figure 1 Phenotype of the CD16" NK cells in the penphersi blood.
Reprasantative results of flow cytometry on CD3° lymphocytes from
SCT recipients and healthy individuals are shown, Gates were set up
to exciudge any CD3* ymphocytes as shown in (A and (B) (C) a
heaithy individual; (D) a CBT recipient (Patent 1); (E) 3 BMT recipient.
(F) & PBSCT recipisnt

CD16°CD56 NK cells in PB of allogeneic SCT recipi-
ants

Because the presence of CDI6 CD36 NK cells has
been reported to be characteristics of CB, the proportion
of PB CD16° CD56™ NK cells as well as their absolute
count was determined for other recipients of CB and the
other stem cell gralts. An increase in the CDI16° CD56”
NK cell count greater than 0.5 x 10°/L was seen in seven
of 11 CBT recipients but in none of 13 BMT and eight
PBSCT recipients (Figs | and 2), There was no signifi-
cant difference in the time of samphling after SCT
between CBT recipients and BMT recipients (£ = 0.772)
or CBT recipients and PBSCT recipients (F > 0.265).
Both the CDI6 ' CDS6” NK cell proportion and the
absolute count were significantly higher in CBT recipi-
ents than in other SCT recipients or in healthy individu-
als. In contrast, there were no significant differences in
the count of other NK cell subsets including
CDS6"™CDI16 " and CDS6M™MCDI6™ cells among these
three SCT recipient groups (data not shown). A
CD167CD36 NK cell increase greater than 1.5 x 107/L
was restricted to Patient | and another CBT recipient
with NHL (Patient 2). The CDI6 CD56 NK cell
counts of Patient 2, 5 months and 15 months after CBT
were 1.5 x 10°/L and 1.8 x 10%/1, respectively.

Surface phenotype of CD16°CD56 NK cells and
leukemic cells

To characterize this unusual NK cell subset, the surface
phenotype was compared between CD16°CD36™ and
CDI6 CD56 NK cells from Patient 1 and Patient 2
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Figure 2 The proporton (Al and the absolute coumt (B) of
CD3"CD16°CD56  in the PB of SCT recipents and healthy individuals
An incréasa i the proportion of CO3'CD16°CD56™ NK celis (20% or
more} in the PB CD16"' NK cells and an ncrease in the absolute count
of the same NK coll subset (505 x 10°/1) ware observed in seven of
11 CBT reciments, but in none of allogenese 13 BM and eight PBSC
ranspiant recipiants. The CO3 CO16'CO56 cell count was calculated
by multphyng the WBC count with the proportion (%) of this subset
among the tolal cell event

Table 1 Phenatype of the NK cell subsets from two CBT reciplents

Luetal

(Table 1). All CDI6"CD36 cells, similarly to
CDI67CD36" cells. expressed CDI1la. CDI18, but did
not express a B-cell marker CDI19, or the myeloid mar-
ker CD33 (data not shown). There were no differences in
the expression levels of two major inhibitory NK recep-
tors CD158a and CDI158b between the two NK cell sub-
sets (data not shown). On the other hand, the
proportions of cells expressing activating NK receptors
including NKG2D in CDI16"CD56™ NK cells tended to
be lower than those of CD16CD56 ™ NK cells.

The leukemic cells obtained from Patient | before
CBT exhibited an NKG2D ligand ULBP2 (Fig 3).
When the leukemic cells obtained after relapse was exam-
ined, the ULBP2 expression was observed to have
decreased to levels comparable to ULBP1 and ULBP3.

Phenotypic change of CD16'CD56 NK cells after
in vitro culture

CD16 CD36~ NK cells derived from CB are reported to
undergo differentiation in vitro in the presence of IL-2
(15, 21) and are therefore thought to be precursors of
CDI6"CDS56" NK cells (15). CD16°CD356™ NK cells
were enriched from PBMCs of Patient | and Patient 2
and cultured in the presence of 100 IU/ml of IL-2 with
or without irradiated K562-mbl5-41BBL. In accordance
with the results of previous studies, CD16~ CD56™ NK
cells from Patient | became CDI16 " CD56 " after in vitro
culture (Fig. 4), Cultured CDI16 CD56~ NK showed a
tendency toward an increased expression of activating
receptors  including  NKp30, NKpdd, NKpd46 and
NKG2D, but did not show any changes in the expres-
sion of inhibitory receptors including CDI158a, CD158h
and NKG2A (Table 1).

Specificity of cultured CD16°CD56 NK cells

Although attaining molecular remission in association
with an increase in the CD16°CD56° NK cells suggests
the involvement of these NK cells in the GVL effect,

NKp30 NEp4a NKpag NKG2D

% MF % MFI % MFI % MFI
Patignt 1 CDS8'CD16" Frash a7 15 0 751 56.7 KLE: 610 356
Cuftured 431 332 72 889 613 481 100.0 156.0
CD56°CD16 Fresh 00 837 00 757 176 126 487 126
Cultured 142 10.4 614 3o 542 %8 999 26.8
Patiert 2 CDs6'CD16" Fresh 36 671 0o 172 a9 443 723 44.3
Cuttured 142 o 514 494 542 54.4 935 544
CDss"CDIE Fresh oo B65 oo B31 215 169 69.0 159
Cuitured 581 478 663 514 152 648 985 648

CO16'CD56" and CO16'COBE™ NK ceils ware isolated from two CBT recipients and culturad with irradiated KE62:mb15<41BBL in the presence
of IL-2 for 14 d, Cultured NK showed increased axprassion of activating NK receptors including NKp30, NKpdd, NKpd6 and NKG2D
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Figure 4 Phenotypic change of CD168°CD56 NK cells with tme
assocated with i witro culture. Isolated COIG*CDSE from
Patient 1 were cuitured in the presence of 100 1U/L IL-2 without (Al
or with KBE2:mb156-41BBL (B). CD16*CD6E" NK cells from CBT recip:-
ents became CD16"CDS6" after the in vitro cultiite

calls

there was no killer-cell immunoglobulin receptor (KIR)-
ligand (KIR-L) mismatch between Patient | and the CB
donor; Patient | and the CB donor shared C*0102 and

%u of cypotoxicity »

Figure 5§ Specificity of NK calls derved from
CD16°CD56 NK calls Cuhtured NK cells
derved from CD16'CD56 cells of Patient 1 (A
gnd Bl and Patent 2 (C and D) were separated
inte CD158b" (A and C) and CD158L" cails (B
and D) and were examined for the cytotaxicity
against 721-221 cells and 721-221 transfected

r's
with different HLA-C alleles C*0301 1.221-Cw3) P
and C*0401 (221-Cw4). The data represent
one of two axpanmants which produced similar s

resuits
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C*0304. To determine whether cultured NK cells denved
from CD16  CD356 NK cells retain specifieity restricted
by KIR-L of target cells, cultured NK cells from Patient
1 and Patient 2 who possessed C*0102 and C*1202 were
separated into CD158b" and CDI58b™ NK cells, and
were examined for their cytotoxicity against 721-221 cells
transfected  with  different  HLA-C  alleles  (Fig. 3).
CD158b~ NK cells failed 1o kill 721-221 cells transfect-
ed with HLA-C*0301 (.221-Cw3) while they killed both
wild-type 721-221 cells and 721-221 cells transfected
with HLA-C*0401 (.221-Cw4). Conversely, CDI38b"
NK cells not only killed 721-221 cells but they also
killed .221-Cw3 and .221-Cw4 cells, thus indicating that
the cyiotoxicity due to the cultured CD158b"° NK cells
is inhibited by the KIR-L Cw3 of the target cells.

Cytotoxicity of cultured CD16'CD56 NK cells against
leukemic cells

When leukemic cells obtained rom Patient | before CBT
were used as a target, both CDI138b" and CDI58b™ NK
cells showed similar cylotoxiaity 1o that of unfraction-
ated NK cells (Fig. 6). The cytotoxicity was blocked by
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Figure 8 Cytotoxcity of cultured NK cells
aganst leukamic cells. (Al Unseparated and
separated NK ceils wara tested aganst leuke-
mi¢ cells obtained bafore CBT; (B) Leukemic
cells wers incubated in the prasence of anti-
ULBP1 or ULBP2 Abs before incubation with
culturad NK cells: (C Cyrotoxicity of unseparat-
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treatment of leukemia cells with anti-ULPB2 mAbs, Leu-
kemic cells obtained after relapse were relatively resistant
to killing by cultured NK cells in comparison to those
obtained before CBT,

Discussion

The present study revealed an increase n a umque NK
cell subset characterized by CDI6 " CDS6™ in CBT
recipients. Although CD3 CDI6" CD36 cells comprise
monocyles, an increase in this subset was due 1o an
increase in immature NK cells because they did not
express a myeloid marker CD33 and acquired CD356
expression by m vitro culture in the presence of IL-2.
An increase in NK cells with a similar phenotype has
been shown in patients with solid tumors who were
treated with 1L-2 (21) and in those with HIV infection
(22). Our CBT recipients did not receive cytokine ther-
apy nor show any signs of viral infections at sampling.
The expression of KIRs including CDI58a and
CDI138b was not depressed in CDI6 CD56™ cells of
Patient | and Patient 2 in contrast to those of HIV
patients (22). An in virro culture of CD16 CD36” NK
cells from patients with HIV viremia in the presence
IL-2 reportedly failed to induce NKp4d4 expression
while it did induce the NKpd44 expression by
CDI16° CD56™ NK cells from the two CBT recipients.
It is therefore wunlikely that the increase in the
CD16 " CD56™ cell count in the CBT recipients was
secondary to viral infections.

Gaddy et al. demonstrated a novel subset of NK cells
characterized by a phenotype CDI6°CD36 to exist in
CB (12). They hypothesized that this NK cell subset rep-
resents immature NK cells capable of differentiating into
CDI16°CD56° NK cells (15). CDI67CD36 cells of our

ad NK calls were tested aganst leukemic cells
obtained before CBT or after relapse. The data
raprosant one of three experimeants which pro-
duced similar resuits

patients  also  underwent  differentiation  into
CDI16"CD36" cells when they were cultured in the pres-
ence of IL-2. Therefore, CD16°CD56™ cells in PB after
CBT may be derived from immature NK cells or NK
precursor cells which existed in CB grafts. Previous stud-
ies on NK cells from SCT recipients and ex vive engi-
neered CB NK cells did not reveal an increased
proportion of CD16° CD356 cells (23-25). Both Patient
| and Patient 2 received an HLA-mismatched CB graft
although there was no KIR-L mismatch. Notably,
Patient 1 had a large leukemic burden at the time of
reduced-intensity preconditioming. It 1s therefore plausi-
ble that residual leukemic cells may have stimulated NK
cell precursors to recrmt CDI6"CDS6 NK cells in
Patient 1.

Patient  1's leukemic cells obtained before CBT
expressed ULBP2. The incubation of CD16°CD56~ NK
cells derived from Patient | in the presence of IL-2 and
the K562 transfectant augmented NKG2D expression
and the cultured NK cells showed cytotoxicity against
leukemic cells despite that cultured NK cells retained
KIR-L specificity and Patient 1's leukemic cells expressed
matched KIR-L HLA-C*0304/C*0102. The cytotoxicity
by the cultured NK cells decreased against leukemic cells
treated with anti-ULBP2 Abs, and also against the leuke-
mic cells obtained from Patient | after relapse which
were devoid of ULBP2 expression. These findings suggest
that mature NK cells derived from CD16"CD36™ NK
cells may have exerted GVL effect on Patient 1's leuke-
mic cells by way of interaction of NKG2D and ULBP2.
The aberrant expression of NKG2D ligands by leukemic
cells has been demonstrated by previous studies (26), but
its influence on the outcome of allogeneic SCT has not
vet been clarified, The results of the present study
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indicate that the susceptibility of leukemic cells 1o NK

cells may depend on both expression of NKG2D ligand

on leukemic cells and the expression of NKG2D on 7
effector NK cells. In pauents with acute leukemia. leuke-

mic cells are reported to downregulate NKp30 of autolo-

gous NK cells, thereby allowing NK cells 1o escape 8
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 1o
undergo differentiation.

The present study demonstrated the expansion of
CDI6 CD36~ 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 K562-mbl15-41BBL cells as muin-
taining specificity to KIR-L and cytotoxicity against leu-
kemic cells expressing an NKG2D hgand. 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.

Acknowledgement

We thank Dr. Dario Campana and Dr Chihaya Imai for
providing us with K562-mbl35-41BBL cells.

References

|. Takahashi S, Qoi J, Tomonan A, et al. Comparative sin-
gle-institute analysis of cord blood transplantation from
unrelated donors with bone marrow or peripheral blood
stem-cell transplants from related donors in adult patients
with hematologic malignancies after myeloablative condi-
tionming regimen. Blood 2007:109:1322-30

2. Arcese W, Rocha V, Labopin M, ¢t al. Unrelated cord
blood transplants in adults with tologic malig
Haematologica 2006:91:223-30.

3. Rocha V, Cornish J, Sievers EL, ¢ al. Comparnison of
outcomes of unrelated bone marrow and umbilical cord
blood transplants in children with acute leukerma. Blood
2001.97:2962-71.

4. Barker IN, Weisdorl DJ. DeFor TE, Blazar BR, McGlave
PB., Miller 1S, Verfaillie CM. Wagner JE. Transplantation
of 2 partally HLA-matched umbilical cord blood umits 10
enhance engraftment in adults with hematologic
malignancy. Blood 2005,105:1343-7.

5. Harns DT. Schumacher MJ, Locascio J, Besencon FJ,
Olson GB, DeLuca D. Shenker L, Bard J, Bovse EA,
Phenatypic and functional immistunty of human umbihcal
cord blood T Iymphocytes. Proc Natl Avad Sci U S A
1992:89:10006- 10,

6. Ruggen L, Capanmi M, Casucar M., Volpi I, Tosti A,
Perruccio K, Urbam E. Negnn RS, Martelli MF, Velardi
A. Role of natural killer cell alloreactivity in HLA-mis-

ries,

C 2008 Kanazaws Unwersity

19.

CD16° CD58 NK cells in CBT recipients

matched b
1999.94:333-9

Ruggen L, Capanni M, Urbani E, er al. Effectiveness of
donor natural killer cell alloreactivity in mismatched
hematopoietic transplants. Science 2002:295:2097-100.
Cooley S, McCullar V, Wangen R, Bergemunn TL,
Spellman S, Weaisdorl DJ, Miller JS, KIR reconstitution is
altered by T cells in the graft and correlates with climcal
outcomes after lated donor transpl tion. Blood
2005:106:4370-6

Komanduri KV, St John LS, de Lima M, et al. Delayed
immune reconstitution after cord blood transplantation is
characterized by impaired thymopoesis and late memory
T cell skewing. Blood 2007.110:4543-51.

aton. Blood

poietic stem cell tr

. Giraud P, Thuret 1, Reviron D, Chambost H. Brunet C,

Novakowvitch G, Farnaner C, Michel G. Immune reconst-
tution and outcome after unrelated cord blood transplan-
tation: a single pacdiatric mstitution experience. Bone
Marrow Transplant 2000;25:53-7,

Locatelli F, Maccario R, Comoli P, ¢t af. Hematopoietic
and immune recovery afler transplantation of cord blood
progenitor cells in children. Bone Marrow Transplant
1996;18:1095-101.

Gaddy ), Risdon G, Broxmeyver HE. Cord blood natural
killer cells are functionally and phenotypically immature
but readily respond 1o interleukin-2 and interleukin-12. J
Interferon Cytokine Res 1995,18:527-36.

. Bradstock KF, Luxford C, Gnmsley PG, Functional and

phenotypic assessment of neonatal human leucocytes
expressing natural Killer cell-associated antigens. Immunol
Cell Biol 1993;71:535-42.

. Phillips JH, Hori T, Nagler A, Bhat N, Spits H, Lanier

LL. Ontogeny of human natural killer (NK) cells: fetal
NK cells mediate cytolyuc function and express cyto-
plasmic CD3 epsilon.delta proteins. J Exp Med
1992,175:1055-66.

. Gaddy J. Broxmeyer HE. Cord blood CD16 " 567 cells

with low lytic activity are possible precursors of mature
natural killer cells. Cell fmmunol 199718013242,
Igarashi T, Wynberg ). Srinivasan R, Becknell B, McCoy
JP Ir, Takahashi Y, Suffredimi DA, Linchan WM, Caligi-
urt MA, Childs RW. Enhanced cytotoxicity of allogeneic
NK cells with killer immunoglobulin-like receptor ligand
incompatibility agamst melanoma and renal cell
carcinomi cells, Blood 2004;104:170-7.

Imai C, Iwamoto S, Campana D. Genetic modificution of
primary natural killer cells overcomes mhibitory signals
and induces specific killing of leukemic cells, Blood
2005:106:376-83.

. Kondo E, Topp MS. Kiem HP, Obata Y. Morishima Y,

Kuzushima K, Tanimoto M, Harada M, Takahashi T,
Akatsuka Y. Efficient generation of antigen-specific
evtotosic T cells using retrovirally transduced CD40-
activated B cells. . Imnenol 2002;169:2164-71

Nakao 8§, Takami A, Takamatsu H. et al. Isolation of a
T-cell clone showing HLA-DRBI*0405-restricled



CD16° CD56 NK celis in CBT recipiens

. Mawilio D. Lomb

cytotoxicty for hematopoietic cells in a patient with aplas-
tic anemia Blood 1997;89:3691-9.

. Ogawa H, Tamaki H, lkegame K, et a/. The usefulness of

momitoring WT1 gene transenipts for the prediction and
management of relapse following allogeneic stem cell
transplantation in acute type leukemia. Blood
2003,101:1698-704.

. McKenzie RS, Simms PE. Helinch BA, Fisher RI, Ellis

TM. Identification of & novel CD56™ lymphokine-acu-
vated killer cell precursor in cancer patients receiving
recombinant interleukin 2. Cancer Res 1992,52:6318-22
do G, B 1, et al. Charactenza-
tion of CD56/CD16 " natural killer (NK) cells: a lhighly
dysfunctional NK subset expanded in HIV-infected vire-
mic individuals. Proc Natl Acad Sci U S A 2005:102:2886
91.

. Jucobs R. Stoll M. Stratmann G, Leo R, Link H, Schrmdt

RE. CDI16™ CD36 " natural killer cells after bone marrow
transplantation. Blood 1992:79:3239 44,

. Ayello 1, van de Ven C, Fortino W. et al. Charactenza-

tion of cord blood natural killer and lymphokine activated

25

Lu et al

killer lymphocytes following ex vivo cellular engineening.
Biol Blood Marrow Transplant 2006;12:608-22.

Moretta A, Maccano R, Fagioli F, ef al. Analysis of
immune reconstitution in children undergoing cord blood
transplantation. Exp Hemarol 2001:29:371-9.

. Salih HR, Antropius H, Gieseke F, Lutz SZ, Kanz L,

Rammensee HG, Steinle A. Functional expression and
release of ligands for the activating immunoreceplor
NKG2D in leukemiza. Blood 2003:102:1389-96.

. Costello RT. Sivori S, Marcenaro E, Lafage-Pochitalofl

M, Mozziconacei MJ, Reviron D, Gastaut JA, Pende D.
Olive D, Moretta A. Defective expression and function of
natural killer cell-triggening receptors in patients with
scute myeloid leukemia. Blood 2002,99:3661-7.

. Faunatr C, Just-Landi S, Mallet F, Amoulet C, Sainty

D, Olive D. Costello RT. Deficient expression of NCR
in NK cells from acute myeloid leukemia: evolution
during leukemia treatment and impact of leukemia cells
in NCRdull phenotype induction. Blood 2007;109:323-
30.

© 2008 Kanazawa Unwversity



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

2008 112: 2160-2162
Prepublished online Jul 2, 2008,
doi:10.1182/blood-2008-02-141325

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

Updated information and services can be found at:
http://bloodjournal.hematologylibrary.org/cgi/content/full/112/5/2160

Articles on similar topics may be found in the following Blood collections:
Transplantation (1296 articles)
Brief Reports (1069 articles)
Clinical Trials and Observations (2413 articles)
Hematopoiesis and Stem Cells (2395 articles)
Immunobiclogy (3550 articles)
Red Cells (1141 articles)

Information about reproducing this article in parts or in its entirety may be found online at:
http://ibloodjournal.hematologylibrary.org/misc/rights.dti#repub_requests

Information about ordering reprints may be found online at:
http://bloodjournal.hematologylibrary.org/misc/rights.dti#reprints

Information about subscriptions and ASH membership may be found online at:
http://bleodjournal.hematologylibrary.org/subscriptions/index.dtl

QETY Of 4

] s>
qd (&
< -
Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published = . e
semimonthly by the American Society of Hematology, 1900 M St, NW, Suite % ® 0

200, Washington DC 20036 2 2)
Copyright 2007 by The Amerncan Society of Hematology: all rights reserved. .}‘-"‘:QCG"*(-\

__()8_



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

TRANSPLANTATION

Briel 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 Yamazakl,' Hirokazu Okumura,’ and Shinji Nakao!
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A small population of CD55CD59 "~ blood
cells was detected in a patient who devel-
oped donor-type late graft failure after
allogeneic stem cell transplantation (SCT)
for treatment of aplasti ia (AA).
Chimerism and PIGA gene analyses
showed the paroxysmal nocturnal hemo-
globinuria (PNH)-type granulocytes o be
of a donor-derived stem cell with a thy-
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mine insertion in PIGA exon 2. A sensitive
poly chain reac-
tion (PCR)-based analysis detecled 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
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of the 50 SCT recipients showing stable
engraftment. The de novo development of
donor cell-derived AA with a small popu-
lation of PNH-type cells in this patient
pports the pt 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 CD359 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 hematopoietic stem
cells (HSCs) of donor origin with mutamt 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 a human leukocyte
antigen (HLA}-maiched sibling donor afier conditioning with fludarabin
(120 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
LGF without residual recipient cells. The patiemt underwent a second
PBSCT from the original donor without preconditioning on February 8.
2006. Pancytopenia resolved completely by day 16 after PBSCT. However,
at approximately day 60, the blood counts decreased gradually, and the
patient became rransfusion-dependent. On day 196 after the second PBSCT,
the white blood cell (WBC) count was 5.3 X 10%L with 17% neutrophils.
the hemoglobin concentration was 75 g/, and the platelet count was
22 % 10%L. Treatment with horse antithymocyte globulin (ATG) and
cyclosporine was started on day 208 after the second PBSCT, Transfusions
were terminated after 88 days of the immunosuppressive therapy. Although

the patient presenily 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 1o analyses of chimerism and flow cytometry
to detect CDS5~CD59” cells and PIGA gene analysis

As controls, the PB from §1 SCT i (48 with h logi
malignancies and 3 with AA) who achieved a complete récovery of
donor-derived hematopoiesis were subjected to flow cytometric analysis for
the screening of CDSS CDS9° cells. Of the 51 patienis, 4 and 23,
respectively, had acute graft-versus-host disease (GVHID) of grade 11 or
higher and chronic GYHD 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 padicipating 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 CDSS CDS9 " CD1Ib™ granulocytes and 0.005% or more
CDS5CDAY glycophorin-A~ RBCs was defined as an abnormal increase
hased on the results in 183 healthy individuals.?

Cell sorting and chimerism analysis

CD3 " cells were isolated from the PB mononuclear cells of the patient using
magnetic-activaied cell sorting (MACS ) CDA Microbeads {Miltenyi Biotec,
Aubum, CA). The CDSS CD3S9 CDI1Ib" granulocytes were separated
from the CDS5°CDS9*CDI11b" granulocyies with a cell sorter (JSAN; Bay
Bioscience. Yokohama, Japan) More than 95% of the soned cells were
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Tabie 1. Hematologic parameters of donor and recipient
Reciplent
Afer 20 mo of

Donor Before 185t SCT Before 2nd SCT Al ATG therapy ATG therapy
Date Apr 2002 May 2008 Apr 2002 Jan 2006 Aug 2006 Apr 2008
WBC count, = 1041 70 51 12 T 53 40
Neutrophil proportions. % ” 85 0 0 17 &2
RBC count, » 10"/ 4 443 220 275 207 304
Asticulocytes, = 10910 it tested 35 2 3 28 81
Hamoglobin, gl 148 150 T2 L] s 120
Piatelel count, = 1090 261 230 18 52 22 54

CDSS-CDS9 " CDUIb*. The D580 locus was amplified from DNA of
different cell populations with an AmpliFLP 1580 PCR Amplification Kit
(Perkin-Elmer Cetus, Norwalk, CT)

PIGA gene analysis

The coding regions of PIGA were amplified by seminested 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
Materials link at the top of the online article), and 6 hgation reactions were
used to transform competent Escherichia coli IM109 cells (Nippon Gene,
Tokyo, Japan). Five clones were selected randomly from cach group of
transfectants and subjected 10 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

A
Before
:second PBSCT

L # 1
&In ‘ | s
9 H W %
& r-“ Ly

) x;
E':E 1=
Y (@ |
O I'b-

% E ‘?-‘24

B

(bp) Marker Reciplant

GO0 - eii—

477 . e

—
& monthe
C afler 7 PASCT
WacHype GPLAP granuscyies

I sl LT B AGE R0 16 TS e TR EY t

hafa

ol vl M 1 -'I:-"|| Wil
! '"Jll'\ﬂ'".t"r{]( i 8 M\l‘.f\".h"lﬂ il ﬁupl'nﬁ".v,-!l} i,

¥-terminal nucleotide sequence complementary 10 (he mutant sequence
was prepared® (Table 510 To enhance the specificity, a mismatch at the
penultimate nucleotide position of the mutation site was incorporated in the
ARMS forward primer (P1).* Pl and a reverse primer (P3) were used to
amplify 8 127 bp fragment containing the mutant sequence from the exon 2
amplified 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 st 72°C for 20 cycles. Another forward primer
(P2), complementary 1o the wildtype PIGA sequence upstream of the
mutation site, wis used in combination with P3 1o amplify an internal
control according to 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 first LGF, whereas 0,147% PNH-type
granulocytes and 0.019% PNH-type RBCs were detected in the PB
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Figure 1. Analysis of PNH-type celis afer the second PBSCT. (A) High-sensitivity flow cytometry detected small populations of CD55° CO58celts in both granulocytes and
red blood cells al the development of the second LGF as well as n those obtaingd & and 12 months [ser, but did not detect PNH-type calls in the donor or in the recipient before
the second PESCT The ber dencte the of PhH-type cells in CD11b* granulocytes or glycophionn A* RBCs, (B) D1580 alielic panema of soned GPI-AP
granulocytes, GPI-AP* granulocytes, and CD3° Iy The chain [PCH] p werE d 10 B% polyacry elect and
visualized by silver stainng. (C) Nucleotide sequences of PIGA excn 2 in DNA from PNM-type granuiocytes obtained 6.and 12 months aher the second PRSCT (D) A schematic
inustranon for AHMS-PCH is shown. Primer positons for the first. second are shown by shon amows. A black box and adiacent ines represent axon 2 and ntrons. respectively
{E) Ampirfied products of control PCA (the upper gel) and ARMS-PCR (the lower gel) were n125% e gal and by the sitver stainng. A
PMD20-T vector containing the mutated axon 2 tragment was usad as a positive control for ARMS-PCR. Tha remplate DNA derrves from a plasmid containng the mutated exon
2Zin lane 1, donor BM in lane 2. donor PB in lane 3, recipient BM in fane 4. recipiant P in lane 5, and BM from haalthy individuals in lanes 610 11 PCR with a 5° pimer specific
1o the of tha fied a 261 bp f from DNA of the donar and all healthy individuals.
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obtwined at the ume of development of the second LGF (Figure
I 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 recipients was examined, none of the patients were found to
have detectable PNH-type cells {data not shown). PNH-1ype blood
cells were also undetectable in a donor PB sample obtained
21 months later.

The D1580 locus allelic pattern of the PNH-type granulocytes
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 o 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 patient obtained at the development of
LGF and 6 months later showed an insertion of thymine at
position 593 (codon 198) in 3 of 5clones 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 1o 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 fatled
to amplify the same fragment in donor PB and in BM of all 10
healthy individuals (Figure 1D).

These experiments demonstrate that PIGA-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, in
vivo evidence that PIGA mutant, GPI-AP-deficient HSCs have a
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survival advantage in the setting of immune mediated BM
injury. Similarly, relative resistance to immune injury hikely
accounts for the high incidence of PNH observed in association
with acquired AA.
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