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Abstract

A marked increase in CD16* CD56~ NK cells in the penpheral 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 IL-2. Although cultured CD16°CD56~ NK cells retained the killercell
immunoglobulin receptor (KIRMigand (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 ant-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 comparnson 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 peripheral blood stem cell (PBSC) transplant recipients examined during the
similar period after transplantation. These findings suggest an increase in CD16*CD56~ NK cells to be a
phenomenan unique 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
s efficacy in the treatment of adult patients has been
proven based on the hindings of recent studies (1-4). One
possible drawback of CBT s the less potent graft-versus-
leukemia (GVL) effect than that of bone marrow trans-
plantation (BMT) or penipheral blood stem cell trans-
plantation (PBSCT) due 1o the immaturity of T cells
contained 1n the cord blood (CB) graft (5). However, a
recent study has shown the relapse rate afier CBT 1o be
comparable to that after BMT or PBSCT from human
leukocyte antigen (HLA) matched sibhing 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 simlar between the two
groups (Cord Blood Bank Network of Jupan; 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-nusmatched
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 is often carried out from HLA-mis-
matched donors and is also associated with delayed T
cell recovery (9-11). NK cells may be more likely 1o
contribute to the development of GVL effect afier
CBT than after BMT or PBSCT. Few studies, how-
ever, have previously focused on the GVL effect by
NK cells after CBT.

CB has a unique subset of NK cells characterized
by a phenotype CDI6'CD56~ (12-14). This NK cell
subset is thought to be immature NK cells capable of
differentiating into CD16°CD56° NK cells (15). We
recently observed an apparent increase in this NK cell
subset 1n 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 charactenization of CDI6 CD356~ NK cells of this
patient and other patients after allogeneic SCT. The
present study revealed that CDI6 CD36~ NK cells
may potentially play a role in the development of the
GVL effect in patients whose leukemic cells express
NKG2D ligands,

Materials and methods

Patients

Penpheral 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 ol the patients had active gralt-versus-host
disease requinng corticosteroids at time of sampling or
signs ol infection. The original 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 one. In the BMT recipi-
ents, those were AML in four, acute lymphoblastic leu-
kemia (ALL) in four, MDS in three, chronic myelod
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 n one. All CBT recipients received an HLA-mis-
malched graft; the number of HLA mismatches between
donor and recipient were two in seven, three in three and
four in one. No HLA mismatch was observed between
cach donor and the BMT or PBSCT recipient except for
six PBSCT recipients whose mismatches with their
donors was one in two, 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).
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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 to cell surface
proteins including CD3, CDS6, CD16, CDI158a, CDI158b
(Becton Dickinson Pharmingen). NKG2A, NKG2D,
NKp30, NKp44 and NKpd46 (Beckman Coulter, Mar-
seille, France). The expression of NKG2D ligands on
leukemic cells from a CBT recipient was determined
using mAbs specific to MICA/B (Becton Dickinson
Pharmingen), ULBPI, 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
manulacturer's recommendation (16). NK cell punty
was confirmed by flow cytometry. CDI16° CD56" and
CDI6"CD56” NK cells were separated from  the
enriched NK cells with antu-CD356-coated microBeads
(MACS) by passing them through two sequential large-
scale columns (Milteny Biotec, Gladbach. Germany)
according to the manufacturer’s instructions. CDI58b"
and CDIS8b™ NK cells were separated with anti-
CDI58b-FITC Abs and ant-FITC microbeads.

NK cell culture

Isolated 2 x 10° CDI6°CD36" and CD16 " CD56™ 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-mbl15-41BBL)
kindly provided by Dr. Dario Campana of Umversity of
Tennessee College of Medicine (17) in RPMI1640 con-
taining 10% fetal bovine serum (FBS), 50 U/mL penicil-
lin, 50 pg/mL streptomycin and 100 1U/mL IL-2 for
14d. The cultured NK cells were washed with
RPMI11640 and then were used for the cytoloxicity
assay.

Transfection of 721-221 cells with retroviral vector

An HLA class l-negative B cell line 721-221 was trans-
fected with retrovirus veclors containing HLA-C*030]
(.221-Cw3) or HLA-C*0401 (,221-Cwd) 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 cytotoxicity was assessed using the standard
chromium release assay, as descnibed previously (19). In
blocking experiments, anti-ULBP Abs were added at
10 yg/mL to the *'Cr labeled target cells and target cells
were incubated at 37°C for 30 min before the additon of
NK cells. The percentage of specific lysis was calculated
using the formula: 100 x (count per munute [cpm]
released from test sample-cpm spontaneous release)/(cpm
maximum release — cpm spontaneous release).

Statistical analysis

The significance of difference in the PB CDI67CDS6™
cell count between CBT recipients and recipients of BM,
PBSCT, or healthy individual was assessed by Student’s
-1est. The significance of difference in the tme of sam-
pling afier SCT between CBT, BMT and PBSCT was
assessed by Mann-Whitney test. P-values <0.05 were
considered to be significant.

Results

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

A 56-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 WTI copy number in BM RNA decreased from
13 000 copies/ug RNA before the start of preconditioning
to 140 copies/pg RNA on day 60 (20). However, it rose to
1500 copies/pg RNA on day 80 after CBT. Although a
molecular relapse was suspected, the WT1 copy number
spontaneously decreased to 230 on day 172. Surface phe-
notype analysis of PB leukocytes on day 84 showed an
increase in the count of CD3 CDI6"CDS6™ NK cells
(Fig. 1). The CDI6 "CD56~ NK cell count remained as
high as 3.2-4.5 x 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 alter CBT.
The unexpected long term remission after reduced-inten-
sity CBT assocated with an increase in the CDIl6 " CDS6

NK cell count prompted the charactenization of the
CDI6"CD56 NK cells of this patient and other patients
who underwent allogeneic SCT
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Figure 1 Phenotype of the CD16" NK cells in the perpheral blood.
Representative results of flow cytometry on CD3™ lymphocytles from
SCT recipients and healthy individuals are shown, Gates were set up
to exclude any CD3* lymphocytes as shown in (A) and (B); IC) 2
healthy indridual, (D) a CBT recipient (Patiant 1); (E) a BMT recpiant
{F) a PBSCT recpient

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

Because the presence of CDI6'CD36 NK cells has
been reported to be charactenstics of CB, the proportion
of PB CDI6"CD56™ NK cells as well as their absolute
count was determined for other recipients of CB and the
other stem cell grafts. An increase in the CD16 " CD56™
NK cell count greater than 0.5 x 10°/1. was seen in seven
of 11 CBT recipients but in none of 13 BMT and eight
PBSCT recipients (Figs 1 and 2). There was no signifi-
cant difference in the tme of sampling after SCT
between CBT recipients and BMT recipients (P > 0.772)
or CBT recipients and PBSCT recipients (£ = 0.265).
Both the CDI6 CD56~ 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
CD36""CDI6 " and CDS6"™MCDI6™ cells among these
three SCT recipient groups (data not shown). A
CDI6°CDS6 NK cell increase greater than 1.5 x 10°/L
was restricted lo Patient 1 and another CBT recipient
with NHL (Patient 2). The CDI6'CD56 NK cell
counts ol Patient 2, 5 months and 15 months after CBT
were 1.5 % 10°/L and 1.8 x 10%/L, respectively.

Surface phenotype of CD16°CD56 NK cells and
leukemic cells

To charactenize this unusual NK cell subset, the surface
phenotype was compared between CDI6 " CDS6™ and
CDI6 ' CD56" NK cells from Patient | and Patient 2
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Figure 2 The proponion (A} and the absolute courmt (B} of

CD3 CD16'CD56™ in the PB of SCT recipents and healthy individuals
An increase in the proportion of CD3 "CD16'CDS6 NK cells 20% or
morel in the PB CO16" NK cells and an increase in tha absolute count
of the same NK cell subset (>0.5 x 10°/L) were observed in seven of
11 CBT recipants, but in none of allogeneic 13 BM and eight PBSC
transplant recipients. The CD3 CD16°CD56™ cell count was calculated
by multiplying the WBC count with tha proportion (%] of this subset
amaong the total cell event

Table 1 Phenotype of the NK cell subsets from two CBT recipents
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(Table 1). All CDI6"CD56~ cells, similarly 1o
CDI16 CD356" cells, expressed CD1la, CDIE, but did
not express a B-cell marker CDI9, or the myeloid mar-
ker CD33 (data not shown). There were no differences in
the expression levels of two major inhibitory NK recep-
tors CDI158a and CD158b 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 CD16 " CD56 " 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 ULBPI and ULBP3.

Phenotypic change of CD16°CD56™ NK cells after
in vitro culture

CD16"CD356™ NK cells derived from CB are reported to
undergo differentiation in vitro in the presence of 1L.-2
(15, 21) and are therefore thought to be precursors of
CDI6TCD56" NK cells (15). CDI6'CD56 NK cells
were ennched from PBMCs of Patient | and Patient 2
and cultured in the presence of 100 1U/ml of IL-2 with
or without irracdhated K562-mhbl15-41BBL. In accordance
with the results of previous studies, CDI67CD5S6™ NK
cells from Patient 1 became CDI16 7 CDS6 ™ after in vitro
culture (Fig. 4). Cultured CDI16 "CD56" NK showed a
tendency toward an increased expression of activating
receptors  including NKp30, NKp44, NKp46 and
NKG2D, but did not show any changes in the expres-
sion of inhibitory receptors including CD158a, CDI58b
and NKG2A (Table 1).

Specificity of cultured CD16"CD56 NK cells

Although attaining molecular remission n association
with an increase in the CD167CD56~ NK cells suggests
the involvement of these NK cells in the GVL ellect,

NKpa0 NEp44 NEp46 NKG2D

% MFI % MEFI B MFI % MFI
Patient 1 CDs&*CD16" Frash 37 15 i} 751 667 378 61.0 356
Cultured 431 332 nz 889 613 48.1 100.0 156.0
CD56°CD16 Frash 00 837 0.0 157 176 126 46.7 126
Cultured 142 104 514 310 b4 2 268 99.9 6.8
Patient 2 CcDse*CD1g* Fresh 36 6.7 0.0 772 429 443 72.3 44.3
Cultured 14.2 394 614 494 542 Baa 899 5 4.4
CD56°CD16 Fresh 0o B.65 0.0 8.3 215 169 69.0 16.9
Cultured 581 476 663 614 75.2 648 98.5 64 8

CO16'COE6™ and CD16'CD56- NK cells were isolated from two CBT recipients and cultured with irradiated K562-mb15-41EBL in the presence
of IL-2 for 14 o Cultured NK showed increased expression of activating NK receptors including NKp30, NKpdd, NKp46 and NKG2D
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Figure 4 Phenotypic change of CD16°CDS6" NK cells with time
associated with in witro culture. Isolsted CD16°CD56 cells from
Pavent 1 were cultured in the presence of 100 IU/L IL-2 without (A)
or with KE62:mb15-41BBL (Bl. CD16°CDS6™ NK cells from CBT recpr
ents becarme CD16°CDS6" atter the in witro culture

there was no killer-cell immunoglobulin receptor (KIR)-
ligand (KIR-L) mismatch between Patient 1 and the CB
donor; Patient | and the CB donor shared C*0102 and

CD16" CD56~ NK cells in CBT recipients
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C*0304. To determine whether cultured NK cells derived
from CD16"CD56™ NK cells retain specificity restncted
by KIR-L of target cells, cultured NK cells from Patient
I and Patient 2 who possessed C*0102 and C*1202 were
separated into CDI58b" and CDI58b™ NK cells, and
were examined for their cytotoxicity against 721-221 cells
transfected with  different  HLA-C alleles  (Fig. 5).
CDI158b™ NK cells failed to 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-Cwd). Conversely, CDI58b"
NK cells not only killed 721-221 cells but they also
killed .221-Cw3 and .221-Cwd cells, thus indicating that
the cytotoxicity due to the cultured CDI158b" 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 from Patient 1 before CBT
were used as a target, both CD158b " and CDI158b™ NK
cells showed similar cytotoxicity to that of unfraction-
ated NK cells (Fig 6). The cylotoxicity was blocked by
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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 in a unique NK
cell subset charactenzed by CDI6°CDS6 in CBT
recipients. Although CD37CDI6 " CD56™ cells comprise
monocytes, an increase in this subset was due to an
increase in immature NK cells because they did not
express a myeloid marker CD33 and acquired CD56
expression by in vitre 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 CDISBa and
CDI58b was not depressed in CDI16 "' CDS6 cells of
Patient 1 and Patient 2 in contrast to those of HIV
patients (22). An in virro culture of CDI6 " CD5S6™ NK
cells from patients with HIV wviremia in the presence
1L-2 reportedly failed to induce NKpd44 expression
while 1t did induce the NKp44 expression by
CDI16"CD36™ NK cells from the two CBT recipients,
It 1s therefore unlikely that the increase in  the
CDI16"CD56™ cell count in the CBT recipients was
secondary to viral infeclions.

Gaddy et al. demonstrated a novel subset of NK cells
charactenzed by a phenotype CDI6 7 CD56™ 1o exist in
CB (12). They hypothesized that this NK cell subset rep-
resents immature NK cells capable of differentiating into
CDI6"CDS6" NK cells (15). CDI6"CD56 cells of our

CDI67CD356" cells when they were cultured in the pres-
ence of IL-2. Therefore, CDI6" 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 CDI6"CD36™ cells (23-23). Both Patient
1 and Patient 2 received an HLA-mismaiched CB graft
although there was no KIR-L mismatch, Notably,
Patient | had a large leukemic burden at the time of
reduced-intensity preconditioning. It is therefore plausi-
ble that residual leukemic cells may have stimulated NK
cell precursors to recruit CDI16 ' CD36™ NK cells in
Patient 1.

Patient 1's leukemic cells obtained before CBT
expressed ULBP2, The incubation of CDI6" CD56™ NK
cells derived from Patient | in the presence of 1L-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 | alter relapse which
were devoid of ULBP2 expression, These findings suggest
that mature NK cells derived from CDI16"CD56™ NK
cells may have exerted GVL effect on Pauent 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
yel been clarified. The results of the present study
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indicate that the susceptibility of leukemic cells to NK
cells may depend on both expression of NKG2D ligand
on leukemic cells and the expression of NKG2ID on
effector NK cells. In patients with acute leukema, 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 differentiation

The present study demonstrated the expansion of
CD167CD56™ NK cells in the PB of CBT recipients lor
the first time. These immature NK cells can be expanded
ex vivo with a help of K562-mbl5-41BBL cells as main-
taiming 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'

'Cellular Transplantation Biology, Dwigion of Cancer Medicine, Kanazawa University Graduate School ol Medical Science, Ishikawa, Japan

A small population of CD55 CD58 blood
cells was detected in a patient who devel-
oped donor-type late graft failure after
allogeneic stem cell transplantation (SCT)
tor treatment of aplasti ia (AA).
Chimerism and PIGA gene analyses
showed the paroxysmal nocturnal hemo-
globinuria (PNH)-type granulocytes to be
ol a donor-derived stem cell with a thy-

mine insertion in PIGA exon 2. A sensitive
mulation-specific polymerase chain reac-
tion (PCR)-based analysis detected the
mutation exclusively in DNA derived from
the donor bone marrow (BM) cells. The

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

supports the concept that glycosyl
h hatidylinositol hored protein—

patient responded to immu upp

sive therapy and achieved translusion
independence. The small population of
PNH-type cells was undetectable in any

delicient stem celis have a survival advan-
tage in the setting of immune-mediated
BM injury. (Blood. 2008;112:2160-2162)

Introduction

Although small populations of CDS5 CD5Y  blood cells are ofien
detectable in patients with aplastic anemia (A A ) 1l remains unclear
how such paroxysmal noctumal hemoglobinuria (PNH)-tvpe cells
arise.! We recently encountered a patient with immune-medinied
late graft failure (LGF) following allogeneic stem cell transplanta-
ton (SCT 1 for restment of AA. Analyses of the patient’s peripheral
blood (PB) and bone marrow (BM) showed hemaopoietic stem
cells (HSCs) of donor origin with mutant PIGA, supporting the
concept that glycosyl phosphatidylinositol-anchored prowein (GPI-
A=denicient stem cells have a survival advantage in the setling of
immune mediaied BM injury.

Methods

Patients

A S%vear-old man underwent allogeneie PBSCT from a human leukocyie
antigen CHEAY matehed sibling donor after condionmg with: fudirabin
1120 mgfme ) cyelophosphamide 1200 mgim®). and antithyimocyte globu-
T 160 mpfkg) tor trestment of very severe AA in April 2002 (Tuble 1) und

opchieved complewe donor chimensm with normal blosd cell conms, In
Tanuary 2006, he developed pancytopenin and was dingnosed as having
LGF withowt esidua) reciplent cells, The patient underwemt o secomd
PBSCT from the onginal donor sithow precondiioning on February 8
2006 Pancytopenia resolved complerely by day 16 alier PBSCT. However,
ot approsimately day 60, the blood comits deereised pradually, and the
patient became transfusion-dependent. On day 196 after the second PRSC
the white blood cell iWBCH count was 5.3 > 100 with 17% neateophils.

the hemoglobim concentration was 75 /L, and the platelet count wan
22 x 1ML
cyclosparing was sturted oo day 208 alter the seeomd PBSCT

Treatment with horse antithymecye globulin (ATGH and
Franstusions

were terminated alter 88 days of the immunosuppressive theapy. Although

the patient presently receives low-dose taerolimus for treatment of chionic
graft-versus-hivst disease, which developed | year after the second PBSCT,
his pame ytopenia has markedly improved as shown in Table |, PB and BM
ol the patient were subjected to analyses of chimwersm and ow cylomweiry
o derevt CDAS CDSY cells und PIGA pene analysis.

As comtmls, the PB from 51 SCT recipients 148 with hemutologic
malignancies and 3 with AA) who achieved a complete recovery ol
dopor-denviad henatopoiesis were subjected to llow eytometric analysis for
the screening of CRAS CDSY " cells, OF the 51 patients. 4 and 23,
tversus-host discase (GVHID of grade 11 or

respectively, had aeue g
higher and chomic GVHD at sampling

BM aspirates were obtined Trom the patient’s donor and 10 bealihy
madividuals e PIGA gene analysis. Infomied consent was obtaimed Trom all
patients and healthy individuals in accordance with the Declaration of
Helsimki for blood examination, and the expenimental protocal for PIGA
gene analysis wak approved by our pamicipating  imstomenal - ethies
commitiee {No. 157

Detection of PNH-type cells

To detect GPEAP deticient (GPEAI ), PNHaype cells, we performed
gh-sensitivity 2-cobm flow cytometry ol granulocytes and red blid
cells (RBCs1 as described previousdy.! The presence of 0003 or
mare CI355 CD59 CDIb 0.005% nr more
CD55 CDSY glveophorin-A® RBCs was defined as an abiormal inereise
based on the results in 183 healihy individuals ?

granplocyies  amd

Cell sorting and chimerism analysis

CD3 cells were isolated from the PB mononuclear cells of the patient using
magnetic-acnvated eell sorting tMACS) CD3 Microbeads ( Milienyi Bintec,
Auburn. CAp The CDSSCDIY CDHB® granulocyies were separited
froom the CDSS CDSYCDHN . granilocyies with a cell sornter (ISAN: Buy
Biosciemee. Yokobama. Japan). Muore than 95% of the sonted cells were
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Table 1. Hematologic parameters of donor and recipient
Aecipient
Afer 20 mo of

Danor Betore 181 SCT Before 2nd SCT AL ATG therapy ATG therapy
Date Apr 2002 May 2008 Apt 2002 Jan 2006 Aug 2008 Apr 2008
WEBC count 10 70 51 12 1.7 53 40
Neutropii proporions. % 77 65 0 a 17 ]
RBC count. ~ 10" 421 443 220 275 207 ane
Asticylocytes, 10%L nal hes e as 2 3 26 a1
Hemaoglobin, gL 6 150 el B9 75 120
Plaielet count.  10%1 261 230 18 52 22 54

CDSS CDSY CDIIbT. The DISKO locus was amplified from DNA of  3-terminal noclentide sequence complementary to the mutant sequence

different cell populations with an AmpliFLP D1S80 PCR Amplification Kit
(Perkin-Elmer Cetus. Norwalk, CT).

PIGA gene analysis

The coxhing regions of PIGA were & ssted POR or nested
PCR from DNA exrcted Trom the soned PNH-tvpe cells using 12 primer
sets' (Table S1, available on the Blood website; see (he Supplemental
Materials link at the top of the onli
used 1o iransfomm competent Exchenichia coli JIMIT09 cells (Nippon Gene

s were

was prepared” (Table 510, To enhance the specificity, a musmatch at the
penulumate nucleotide posinon of the munmion site was incorporated in the
ARMS forward primer (P15 Pl and o reverse primer (P3) were used 1o
amplify a 127 bp fragmemt contaming the mutant sequence from the exon 2
amplified product. PCR was conducted under the following conditions
dena Tor 30 seconds at 94°C, snnealing for 60 secomds w0 64°C and
extension Tonr 90 seconds ol 727°C for 20 eyeles, Aoother Torward pimer
(P21 complementary 1o the wild-aype PIGA sequence npsircam of the
mutation site. wis used in combi wowith P3 1o amplify an internal
control aecording o the same condition of ARMS-PCR

Tokye. Jopan), Five clones were selecied rundomly from cach group of

transfectants and subjected W seguencing with a BigDye Terming
Cycle Sequencing Kit i Applicd Biosystems, Foster City. CA) and
PRISM 3100 Genetic Anulveer ( Applied Biosvstems )

Results and discussion

ication ref r ion PCR [
Amplification refractory mutation system PC PNH-type cells were not deteeted in the donor or the patient ul the
me of development of the first LGE. whereas 0,147% PNH-type

granulocytes and (L019% PNH-type RBCs were detected in the PB

D

On the basts of 3 mutant sequence detected in PIGA of the patient, o nested
amplification refractory mutation system (ARMS) forward primer wath 2

Donor Recipient
Before Afer second PESGT = T B3
ssecond PREC 6 morite 12 mortng

s e T
|es 'inn:n Moo

—.J o3 b=ty

GP.A PE
|
l

YT
w oo '
a |t v et |. L —— 1
s [ . : ¥
2 @ e
8 —— | of E
W li eIty
GOS8 ann 86-FITC from
o LI - 3 4 LI i e ¥ @ n
390
Yoner  GRLAR  GPLAR® OO PR1 . i e i |
234
— — — 154 =
— —— —— -
[ -
112
C o morthe 12 manihs =R
ate IV PRSCT #her TV PESCT
Wt ppe GP-AP granuocyies GP-AP granuiccytes
i I I
i i ' ] i
[ | t LT L Wy 'l

Figure 1, Analysis of PNH-type cells atier the second PBSCT. (A| High-sensitivity how cytomatly detected small populations of CDS5° CD58 - calls in both granulocytes and
red blood cells al the development of the second LGF as well asin those obtained € and 12 months later. but did not detect PNH-type cells in the donor o in the recipient belore
the second PESCT The numbers denole the proporion of PNH-type cells n CD11b° granuiocytes or giycophorm A* RBCs (B) 01580 afiehc patiems of sored GPEAP
granylncyles, GPEAP © granulocyles, and CD3° lymphocytes, The polymerase cham reachon (PCR) products were subjected 1o B% polyacrylamide gel elecirophoresis and
visudlized by siver siaining. |C) NuCleohde sequances of FIGA axon 2 in DNA from PNH-type granuiocytes oblained & and 12 monihs atter the second PBSCT. (D) A schamatic
lustranon tor ARMS-PCH is shown, Primer positions lor the first. second are shown by short sirows. A black box and adiacent ines represent exon 2 and INons, respectively
E) Ampilified products of control PCR ithe upper gal) and ARMS- FCR (the lower gel) were eectrophoressd in 12 5% polyacrylamide gel and visualized by the sitvar siaining, A
pMEO20-T vector containeng the mutated exon 2 ragment was used as a positive control lor ARBMS-FCR. The remplate DNA denves from a plasmid containing the mutated exon
2 intane 1, donar BMn lane 2. donor FE in lane 3. recpent BM in lane 4, recpent PBin lane 5, and BM from healthy sdoaduats n lanes 61011 PCR with a5° pramer specific
1t the nucleotide sequence upstream of the mutated sequence amptifed & 261 bp fragment lrom DNA of the donor and all healthy ndwiduals
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obtained at the time of development of the second LGF (Figure
1A). 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-1ype cells (data not shown). PNH-1ype blood
cells were also undetectable in a donor PB sample obtained
21 months later.

The DISAO 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 (herapy 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 soried
PNH-type cells of the patient obtained at the development of
LGF and 6 months later showed an insertion of thymine ai
position 593 (codon 198) in 3 of Sclones 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 persisience over 6 months
suggest that these PNH-1ype cells are derived from o mutant
HSC rather than from o committed granulocyte progenitor cell.
Moreover. an ARMS-PCR with a 5" pnmer specific 1o lhe
mutated sequence amplified a 127 bp fragment from DNA of the
donor BM as well as of the recipient BM and PB while 1t failed
1o amplify the same fragment in donor PB and in BM of all 10
healthy individuals (Figure 1),

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 iirst lime, in
vivo evidence that PIGA mutant, GPI-AP-dencient HSCs have a

References
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survival advantage in the seuwing of immune mediaed BM
injury. Similarly, relative resistance 1o immune injury likely
accounts for the high incidence of PNH observed in association
with acquired AA.
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Abstract

Objectives: Some patients with myelodysplastic syndrome (MDS) show a marked increase in the percent-
age of immature platelet fraction (IPF%) despite the absence of severe thrombocytopenia. Ta determine
the significance of such an unbalanced increase in the IPF%, we investigated the IPF% and other labora-
tory findings of 51 patients recently diagnosed with MDS. Method: Subjects consisted of 80 healthy
males, 90 healthy females, and 51 patients with MDS and 20 patients with idiopathic thrombocytopenic
purpura (ITP). The IPF and IPF% were determined using a Sysmex XE-2100 system loaded with IPF Mas-
ter software (XE IPF Master, Sysmex). Platelet counts were measured simultaneously. Results: IPF% and
platelet counts of these patients ranged from 1.1% to 25.1% (median, 5.3%) and from 6 to 260 x 10%L
{median, 71 x 10%1L), respectively. Twelve patients showed platelet counts more than 50 x 10%L with
10% or more IPF%. All of the 12 patients had chromosome abnormalities including monosomy 7 and com-
plex abnormalities involving 7 or 5q. In the other 39 patients who did not show the aberrant IPF%
increase, chromosomal abnormalities were seen only in seven patients and none of thermn had chromo-
some 7 abnormalities. The IPF% of two patients increased to more than 10% in association with the
appearance of monosomy 7. Conclusions: These findings suggest that a high IPF% in MDS patient may
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be a marker for karyotypic abnormalities with a poor prognosis, including chromosome 7 abnormalities

Key words immature plaielet fraction, IPF %, monasomy 7, myelodysplastic syndromes. Sysmex XE2100
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Reticulated platelets are RNA-rich immature platelets
and are thought to reflect the ability ol bone marrow 10
produce platelets (1). Reticulated platelets can be mea-
sured by flow cytometry using thiazole orange (2). How-
ever. the measurement of the reticulated platelets has not
been included in routine examinations because of the
complexity of the procedure. Furthermore. the standard
method for measurement ol reticulated platelets has not
been established so far. Some assays use whole blood
and others use platelet-nch plasma. Monoclonal antibod-
ies specific to platelets used to delineate reticulated plate-
lets are varying and normal counts of reticulared
platelets are reported to vary from 1% 1o 20% (2-16)

© 2008 The Authers

A recent software program using the Sysmex XE2100
fully automated complete blood count analyzer (Sysmex,
Kobe, Japan) has facilitated the measurement of RNA-
rich immature platelets amomaucally. Although this
nstant assay lacks specificity, the measurement of the
immature plateler fraction percentage in 1otal platelets
(IPF%) may be useful in ascertaining whether thrombo-
cytopenia is caused by reduced platelet production or
increased metabolic turnover because of platelet destru-
ction, Indeed, IPF% has been successfully utilized 1o
differentiate ITP and aplastic anemia (AA) (17).

The measurement of IPF% has also been shown to
be useful in predicting platelet recovery following
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myelosuppression because of chemotherapy or precondi-
lomng for stem cell transplantation (18-21), However,
few studies have focused on the clinical significance of
measuring IPF% in patents with myelodysplastic syn-
drome (MDS)
||11_'h IPF% is

patients whose thrombopoiesis 1s accelerated to compen-

usually seen in  thrombocylopenic
sate for low platelet counts. However, some patients with
MDS exhibit IPF% above 10% despite the fact that
there is no or only mild thrombocytopenia. All of the
first three MDS patients we observed with such an aber-
rant leature had chromosome 7 abnormalities and rap-
idly progressed to acute myeloid leukemia. We therefore
hypothesized that the unbalanced increase in IPF% may
represent aberrant thrombopoiesis in MDS patients with
a poor prognosis
showing aberrantly high IPF%. we retrospectively stud-
ied IPF% and other laboratory data in 5i
recently diagnosed with MDS and in other patients with
thrombocytopenia

l'o characterize patients with MDS

|1.'|1i|.‘|1t-.

Design and methods

Subjects

Subjects consisted of 80 healthy males ranging in age
from 23 to 63 yr, 90 healthy females ranging in age [rom
21 to 56 yr, and 51 patients with MDS and 20 patients
with ITP
at our hospital and were subsequently followed. Accord-
ing 10 the FAB classification of MDS, 35 patiems had
refractory anemia (RA), one patient had RA with ringed
sideroblasts (RARS), 12 patients had refractory anemia
with excess blasts (RAEB) and three patients had chronic
myelomonocytic leukemia. All patents and healthy indi-
viduals provided oral informed consent to the measure-
ment of 1PF

All subjects underwent the IPF measurement

Measurement of IPF

The IPF and IPF% were determined using a Sysmex XE-
2100 system loaded with IPF Master soltware (XE IPF
Master, Sysmex). XE-2100 15 a fully automated analyzer
that aspirates and analyzes ethylenediaminetetraacetic

acid blood samples, and prints out test results all in about
I min. IPF and reticulocytes were stained using reticulo-
cyle reagents (polymethylene and oxazine dyes) and then
measured |‘!§ Alow cylometry using a semiconductor laser
A computer algorithm discnminates the mature and
immalture platelets by the intensity of forward scatterd
light and fAuorescence. Mature platelets appear as blue
dots and the immature platelets are displayed as green
dots, the latter constituting the IPF parameter. 1PF is cal-
culated as the ratio of immaiture platelet to the towal num-
ber of platelets (17, 19). When the fluorescent intensity

(nucleic acid content) and the forward-scattered light
intensity (Forward Scatter reflecting cell size) were plotied
on the X and Y RNA-rich

IPF appears in the green area on the two dimensional

axes, respeclively, the

scattergram (Fig. 1). Platelet counts were measured simul-

taneously

Cytogenetic and morphological analyses

On the day of penpheral blood collection or within
| month before or alter blood collection, karyotype anal-
yses of bone marrow aspirates based on G banding or
fluorescence in situ hybndization (FISH) were performed
Peripheral blood and bone marrow smears were analyzed
under microscopy 1o ascertain the morphological charac-
teristics of platelets and megakaryocytes

Statistical analysis

The differences between the two groups were evaluated
by Student’s r-test. The relationship between IPF% and
the platelet count was estimated using the simple linear
regression and correlation analyses. Survival probabilities
were estimated by the Kaplan-Meier method, and the
differences in survival distributions were evaluated by
log-rank 1est

Results

Platelet count and IPF

Platelet counts lor the control group (healthy males and

females) ranged from 162 1o 347 x 10°/L (median:

Figure 1 Measurament of
IPF) |
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Figure 2 Immature platelet fraction (IPF) % in healthy indwduals and
patients with thrombocytopenis. IPF% values as determind by the
blood analyzer are plotted for healthy individuals, patients with
myelodysplastic syndrome and patients with idiopathic thrombocyto-
penic purpura

237 % 10°/L)., compared with 2 to 49 x 10°/L for ITP
patients (median: 21 x 10°%/L) and from 6 10 297 x 10°/L
for MDS patients (median: 73 x 10°/L). The mean
{+SD) IPF% for the control group was 2.07 £ 1.06%,
while the values for the other groups were significantly
higher, a1 8.80 + 8.09% for MDS patients and
18.1 + 11.5% for ITP patients (P < 0.01) (Fig.2).
IPF% was normal {(0.51-4.72%) in 19 of the 51 MDS
patients while 16 patients showed > 10% IPF%. Of these
16 patients, 12 patients had 250 x 10°/L plaielets.

Correlation between IPF% and platelet count

The correlation between IPF% and platelel count was
examined for healthy individuals, ITP and MDS patients

Aberrant increase in the immature platelet fraction in patients with myelodysplastic syndrome

(Fig. 3). There was an inverse relationship between the
two paramelers in healthy individuals and I'TP patients,
but not in MDS patients. Some MDS patients (inside the
ellipse) displayed high IPF% despite the presence of nor-
mal platelet counts, There was no apparent difference in
the IPF distnbution on scattergram between ITP and
MDS patients with high IPF% (Fig. 1).

Clinical features of patients with platelet counts
250 x 10°/L and IPF% =10% (Table 1)

Clinical features were compared between 12 patients
with 250 = 10%/L platelet count and =10% IPF% (high
IPF% patients) and those who do not meet these crite-
ria (control patients), Chromosomal abnormalities were
found in all of the 12 high IPF% patients, but in only
seven of the 39 control patients. There were no differ-
ences in age, gender, WBC, Hb, platelet count, or the
proportion of advanced MDS (RAEB) between the
two groups. Table | shows the clinical charactenstics
of these 12 patients. Notably five patients had mono-
somy 7. and another patient had complex abnormali-
ties involving chromosome 7. Three patients showed
complex abnormalities including 5q deletion. Chromo-
somal abnormalities in the control patients were
tisomy 8 in two, 20q deletion in one, 5q deletion in
one, trisomy 9 in one, 48, XY +Y.+Y in one and
47, XY, del(20)(gl1),+21 in one. The patient in the
control group showing only 5gq deletion also showed a
normal platelet count (140 x 10%L) and low IPF%
(2.5%).

Morphological examination of blood and bone mar-
row smears showed marked variation in the platelet
size in six of 12 (50%) patients and a ratio of 10% or
more micro or small megakaryocytes to total mega-
karyocytes in 10 ol 12 (83%) of the high IPF%

Healthy individuals MDS
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Table 1 Clinical features ol patients with platelet count 250 x 10%/L and IPF% 210%

Sugimart et al.

Platelet WHO
Age/ count classification
Case sex IPF% 1010 Chromosomal aberration IPSS
1 RAEB 70F a41 67 46,XX, dell1)(p).del(blla) 18720 RAEB 1
A6, XX 2720 Int-2
2 RA 59 M 290 50 44, XY, add(1)(q32),add(5)(g11 2),add(B)p21), RCMD
~7.-8,9.80d(9){a22), 10.8dd(11)|a23),8dd(12ip11 2),add( 14)1a32), - 17, Int-2
a0d17)q21),+marl, +mar2, +mar3
3 RAEB 51F 251 229 46,XX, -1, add(4)(a21), -5, der(7ladd(7(p22)0el(7Ha32). —11. RCMD
+3mar 11/20 Int-2
92.XXXX, =1, =1, add(4)iq21)x2, -5, -5, der(Tladd(7){p22)del7)a32}
x2, =11, =11, +Bmar 1/20
46.XX 8/20
4 RA TF 235 a2 44, XX, add®)g1 1), agdiBligl3). -7, addi11)g11). =12, del(16)ip11). RCMD
=17, =17, dell20ia1 1), +2mar 14,20 Int-2
46, XX 6/20
5 RARS 65 F 209 50 45, XX, der3:12)q10;10), dell5)ia13a31), -18, add(18)ip11), 20, +21, RCMD-RS
+22 5/2 Im-2
47. XX, del5)q13a31). =18, add(18)(p11). +18, -20. +22, +mar 9/20
a6, XX 6,20
[ RA 77T M 18.0 204 45, XY, =7 16/20 RA
46, XY 5/20 Int-1
T RA B8O M 14.0 147 46, XY, dells)a) 4,20 RCMD
46, XY, deliSita), del(20)la11.2013.3) 3/20 Inm-1
46, XY 13/2
8 RAEB 67 M 13.7 175 44, XY, addiS)ia11), =7, add(12iip11), =18 1/20 RAEB-1
44, XY, add(6lig11), -7, add(Bl(p11), add(12){p11), =18 12/20 Imt-2
44, XY, add(slla11), =7, add(12)ip11), der(15:17)(q10:a10). -18,
+mar 2,20
45, XY, addiSial1). -7. add(12)ip11). -18, +mar 3720
46, XY 2,20
9 RAEB 52 M 12.1 51 45, XY, add(S)a11), -7, add(17)p11), =20, del22)(g11), +mar 4/20 RCMD
45, XY, add(S)ig11), =7, add(17)ip11), addi200a) 3), del22)iq1 1), Int-1
+mar 1/20
45, XY, addiBlig11), =7, add{17}p11), =18, addi20){q!13), del(2Z}q11),
+mar 1/20
43, XY, dic(3;14)(p11,p11),addBHa11), -7, addl17Hp11), 20, -22
+mar 1,20
46, XY 13/20
10 RAEB 59F 11.9 156 45, XX, —18, +mar 20/20 RAEB-1
Int-1
1 RA 78 F 118 73 a5,% -X 20,20 RCNMD
Int-1
12 RA 60 M " 50 46,XY, addi12)(p11) 20,20 RCMD
Int-1

Change in IPF% associated with the appearance of

patients. These abnormalities were found only n four
of the 39 (10%) control patients. The mean platelet
distribution width (PDW), an indicator of varahility in
platelet  particle size distnibution and mean  platelet
volume (MPV) were evaluated in 34 patents with
MDS. These values were significantly higher in the
high IPF% group than m the control group (PDW,
2020 vs. 11,30 and MPV, 12,0 1 vs. 10.2 1), suggest-
ing the presence of prominent dysthrombopoiesis in
MDS patients with high 1PF%.

chromosome 7

Two patients with RA showed changes in IPF% over
the observation period in this study. In one patient who
showed a gradual mcrease in the 1PF%. monosomy 7
newly appeared, and the patient’s RA  subsequently
evolved into RAEB (Fig. 4a). In another patient who
responded 1o metenolone acetate and menatetrenone,
IPF% gradually decreased lrom 29.0% to 9.0% in asso-
ciation with a decrease in the percentage of monosomy 7

© 2008 The Authars
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Figure 4 Changes in immature platelet fraction (IPFI % assoccated
with the emergence or decrease ol monosomy 7 clones. (A) A 22-yr-
old woman with RA who onginally had chromosome abnormalities,
including der(1;18) showed an increase in IPF% whan a monosomy 7
clone appeared. The arrow indicates the ime when the monosomy 7
was first datected. |B) A 59-yr-old man with RCMD (case 2 in Table 1)
with complex chrempsome abnormalites including monosomy 7 who
showed a decrease in IPF% in assocation with an Improvemant of
pancytopenta alter treatment with metenolone acetate and menatetre-
none. The rato of monosomy 7 clones as determined by FISH at the
times indicated by 1he arrows showed a decrease from 62% 1o 9%

clone from 62% to 9.2% as demonstrated by FISH anal-
ysis (Fig. 4b).

Relationship of high IPF% with prognosis

The overall survival rate was compared between the high
IPF% group and the control group. As shown in Fig. 5,
the paticnts with high IPF% show a lower survival rate
than the control patients although the difference was not
significant.

© 2008 The Authors
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Discussion

IPF% has been successfully used for discrimination of
pathophysiologies underlying thrombocytopenia (17, 18).
Few studies, however, focused on IPF% in patients with
MDS. The present study showed significantly higher
IPF% in MDS patients than in healthy individuals,
though there was a great range of IPF% values in MDS
patients. In keeping with previous reports showing that a
high IPF% reflects accelerated thrombopoiesis, there was
an inverse correlation between IPF% and the platelet
count in healthy individuals or that in patients with I'TP.
In contrast, some MDS patients showed a positive corre-
lation between IPF% and the platelet count. Moreover,
all patients with a mgh IPF% and a platelet count
>50 % 10%/L showed chromosomal abnormalities includ-
ing chromosome 7 abnormalities. The absence of mono-
somy 7 or chromosome 7 abnormalities in the other 39
patients suggests that an aberrant ncrease in IPF% rep-
resents a marker for the presence of chromosomal abnor-
malities with poor prognosis. The increase in IPF% in
association with the emergence the monosomy 7 in one
patient and a decrease in IPF% associated with a
decrease in the monosomy 7 clone in another patient
support this hypothesis.

Most patients with high IPF% showed marked high
platelet size variation, and both MPV and PDW in these
patients tended to be higher than those in MDS paticnts
without high IPF as well as in healthy adults. The signs
of dysmegakaryopoiesis such as mucromegakaryocytes
and isolated multinucleated megakaryocytes were com-
monly seen in MDS patients with high 1IPF%. Thus, the
aberrantly high IPF% in MDS patients probably reflects
the presence ol dysthrombopoiesis. A recent report by
Dolan ¢t al. revealed prominent dysmegakaryopoiesis in
patients with monosomy 7. This may account for the
high incidence of monosomy 7 in patients with high
IPF% (22).
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According to the international prognostic scoring sys-
tem (IPSS), all MDS patients with 220% IPF were clas-
sified as Int-2 (Table. 1), and the overall survival of high
IPF% patients tended to be lower than that of control
patients (Fig. 5). It is therefore possible that low-risk
MDS patients considered at low risk according 1o IPSS
may actually be at high nsk for progression to leukemia
il IPF% is high. IPF% can be measured very quickly
using a fully automated blood cell analyzer. An increase
in IPF% could be the first sign of developing 7 mono-
somy in patients being followed up for low-risk MDS or
AA. Thus. incorporating 1PF assessment into the routine
examination of patients with bone marrow failure as well
as in the general check-ups for healthy individuals may
be useful for early identification of MDS patients with
poor prognosis. Our findings warrant a prospective clini-
cal study on MDS patients to ascertain the significance
ol 1PF% in the management of MDS.
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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-y'

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 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-« 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 (l Ives. Anti in 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 characler-

ized by pancytopenia 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-T), recent studies have revealed the
presence of Abs specific to self-Ags in the serum of AA patients
(B=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 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
vulgans (12, 13), The autoAbs specific to 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 | 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 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 1L-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-
topaietic 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 patiemts (11). Moesin is 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 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
TFN-v, it is conceivable that anti-moesin Abs In AA patienls may
bind such moesin-like molecules on these immune cells and affect
the eytokine 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



