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Anti-Moesin Antibodies in the Serum of Patients with Aplastic
Anemia Stimulate Peripheral Blood Mononuclear Cells to
Secrete TNF-« and IFN-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-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-vy secretion from the PBMCs of AA patients by themselves. Anti-moesin Abs may therefore indi-
rectly contribute to the suppression of hematopoiesis in AA patients by inducing myelosuppressive cytokines from immu-

nocompetent cells. The Journal of Immunology, 2009, 182: 703-710.

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

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 to a large body of evidence for T cell involvement in the
pathogenesis of AA (4-7), recent studies have revealed the
presence of Abs specific to self-Ags in the serum of AA patients
(8—11). Although some of these Abs are directed toward Ags
that are abundant in hematopoietic cells (e.g., 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
vulgaris (12, 13). The autoAbs specific to platelet-derived
growth factor receptors in patients with scleroderma and those
with extensive chronic graft-vs-host diseases trigger an intra-
cellular loop, involving Ha-Ras-ERK 1 and 2 (ERK 1/2)-reac-
tive oxygen species (Ha-Ras-ERK 1/2-R0OS), and augment col-
lagen gene expression as well as myofibroblast phenotype
conversion of normal human primary fibroblasts (14, 15). The
anti-proteinase 3 Abs detected in Wegener's granuloma stimu-
late monocytes through the binding of cell surface proteinase 3
to secrete IL-8 (16). The autoAbs detected in AA patients may
also be involved in the pathophysiology of BM failure by way
of other mechanisms than the direct toxicity against the hema-
topoietic cells, though there has been no evidence for such func-
tional autoAbs in AA patients.

We previously demonstrated that Abs specific to moesin, a
membrane-cytoskeleton linker protein in the cytoplasm, were de-
tectable in approximately 40% of AA patients (11), Moesin 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-« and
IEN-+, 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

— 177 —

010 ‘97 Arenue[ uo Siojounwuwi mmm WO popeojumo(]



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

cells. The present study revealed a novel function of autoAbs,
which may contribute to the pathophysiology of BM failure.

Materials and Methods
Study subjects (patients)

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

Cell lines

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

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

The anti-moesin polyclonal Abs (pAbs) were purified from the patients’
serum with affinity chromatography using a protein G column (mAb Trap
kit, no. 17-1128-0; GE Healthcare) and recombinant moesin protein (11)
fixed on an agarose-gel column (1 ml, HiTrap NHS-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 binding buffer, the whole IgG was eluted
with the elution buffer and neutralized with the neutralizing buffer. The
purified [gG 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 at 4°C overnight using a spectra/
Por Float-A-Lyzer column (Spectrum Laboratories; no. 235118). The pu-
rity of the isolated anti-moesin pAbs was confirmed by PAGE followed by
Coomassie Brilliant Blue staining.

Flow cytometry

Mouse anti-moesin mAb (clone 38/87; Neomarkers) which was labeled
with FITC (Immuno-Biological Laboratories) was used in combination
with mAbs specific to CD3-PE (BD Pharmingen; no. 555333),
CD19-PE (BD Pharmingen; No. 555413), CD4-PE (BD Pharmingen;
No. 347327), CD-8-PE (BD Pharmingen; no. 555367), CD14-PE (BD
Pharmingen; No. 555398), CD11b-PE (BD Pharmingen; No. 555388),
CD34-PE (BD Pharmingen; no. 348057), and CD3-Cy-Chrome (BD
Pharmingen; no. 555334). Isotype-matched control mAbs (BD Pharm-
ingen) were used as negative controls. For the detection of moesin-like
molecules on leukocytes and leukemia cell lines, 1 pl of anti-moesin
mAbs and 2 ul of PE-labeled mAbs were added to 50 ul of cell sus-
pension containing 1 X 10° cells and the suspension was incubated on
ice for 30 min. For the detection of moesin-like molecules by pAbs, 1 X
10 THP-1 cells were washed twice with PBS containing 1% BSA (Sig-
ma-Aldrich; no. A8022) and resuspended in 200 ul of a PBS containing
2% FCS, 2% goat serum, and 2% BSA. The cell suspension was incu-
bated for 30 min at 4°C. Then, 5 pg/ml anti-moesin pAbs or isotype
control human IgG pAbs isolated from healthy individuals were added
to the cell suspension and incubated for 1 h at 4°C. The cells were
washed twice with PBS containing 1% BSA followed by incubation
with a secondary Ab (goat anti-human IgG FITC-labeled Ab; Sigma-
Aldrich; no. F5512) diluted 1/100 in PBS containing 2% goat serum and
were incubated at 4°C for 30 min. Finally, the cells were washed twice
with PBS containing 1% BSA and subjected to 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/mi PMA (Wako Chemicals; no. 545-00261) and incubated
for 24 h at 37°C in a CO, incubator. A total of 10 ng/ml LPS (Sigma-
Aldrich; no. L2880) was added to the cell suspension and further incubated
for 20 h. The cultured cells were analyzed for the expression of moesin-like

molecules by flow cytometry using anti-moesin mAbs (clone 38/87;
Neomarkers).

Isolation of monocytes and T cells

Monocytes were isolated by plastic adherence as previously described
(20). In brief, 5 X 10 PBMCs/well were distributed into 12-well plates
(Corning) and allowed to adhere in a 5% CO, incubator at 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-500) following the manufacturer instructions. The purity of
enriched T cells and monocytes was approximately 90% as determined
by flow cytometry using anti-CD3-PE and anti-CD-14-PE mAbs,
respectively.

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

THP-1 cells, PBMCs, monocytes, or T cells were suspended in RPMI
1640 supplemented with 10% (v/v) heat-inactivated FCS. Polymyxin B
(Aerosporin) (Sigma-Aldrich; no. 194538) was added at 10 pg/ml to
eliminate any contaminating endotoxin. The endotoxin concentration in
the pAbs and the reagents used for culture was <10 pg/ml as demon-
strated by chromogenic Limulus amebocyte lysate assay (Seikagaku).
The cells (5 X 10°) were incubated for 48 h in the presence of 5 ug/mi
of anti-moesin mouse mAbs (clone 38/87, 1gG1; Neomarkers) or 5-10
pg/ml of pAbs isolated from the serum of AA patients as described
above. Mouse mAbs (Coulter Clone; IgGl, no. 6602872) and control
human IgG pAbs isolated from healthy individuals were used as neg-
ative controls. This Ab concentration was selected based on an esti-
mated concentration of anti-moesin pAbs in the serum of an AA patient,
For prestimulation of PBMCs to induce IFN-v 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/mi of anti-CD3 mAbs (clone OKT3) (eBioscience; functional
grade no. 16-0037) overnight at 4°C and washed. Then, 100 ng/ml LPS
or 10 ug/mi PHA (Sigma-Aldrich; no. L4144) was included instead of
anti-moesin Abs as the positive controls for the induction of TNF-a or
IFN-v secretion, respectively, and control human IgG pAbs isolated
from healthy individuals were added as a negative control.

Western blotting

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

Isolation of proteins on the surface of THP-1 cells

The THP-1 cells were treated with sulfo-NHS-SS-biotin, and the cell
surface proteins were isolated with avidin-fixed columns according to
the manufacturer’s instructions (Pierce). Thereafter, 1 X 107 cells were
washed twice with 8 ml of ice-cold PBS. The cells were suspended in 10
ml PBS containing 2.5 mg sulfo-NHS-SS-Biotin and incubated for 30 min
at 4°C. Then, 500 ul of quenching solution was added to the cell suspen-
sion and the cells were washed with 10 ml TBS twice. The cell pellet was
lysed in 500 pl of lysis buffer containing 60 ul of preotease inhibitor
cocktail (Sigma-Aldrich; no. P-8340) and then disrupted by sonication. The
biotin-labeled membrane proteins were isolated by an immobilized Neu-
trAvidin Gel column. The isolated 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
surface 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 at 37°C. Molecular mass analyses of the tryptic
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FIGURE 1. Expression of moesin-like molecules on the surface of various blood cells. PB lymphocytes, granulocytes, and monocytes, as well as BM
mononuclear cells, of a healthy individual and a patient with AA were analyzed by flow cytometry. The gate was set up for lymphocytes (a—d), CD3™
lymphocytes (e), granulocytes (g and j), and monocytes (h and &) derived from a healthy individual and monocytes (i and I) derived from an AA patient.
BM mononuclear cells (f) 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/ionization molecular weights determined by matrix-assisted laser desorption/ion-
time-of-flight mass spectrometry using an ultraflex TOF/TOF (Bruker ization time-of-flight mass spectrometry and the theoretical peptide
Daltonics). The proteins were identified by comparisons between the masses of proteins registered in NCBInr.
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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. D, THP-1
cells were cultured in the presence or absence of 20 ng/ml PMA for 24 h and then the PMA-stimulated cells were further cultured in the presence of 10 ng/ml
LPS for 20 h. The cultured cells were analyzed for the expression of moesin-like molecules by flow cytometry. One representative result is shown.

Transfection of moesin short hairpin (shRNA)

Moesin shRNA plasmid (pENTR/moesin-shRNA-264) (22) was kindly
provided by Dr. G. M. Kelly of the University of Western Ontario (Ontario,
Canada). THP-1 cells were transfected by electroporation using a Gene
Pulser II Electroporation System (Bio-Rad). In brief, 3-5 ug of moesin
shRNA plasmid or control StRNA (pENTR/U6-GW/lacZ**®™4) was mixed
with 800 ul of Opti-Mem I medium (Invitrogen) containing 1 X 108
THP-1 cells and incubated on ice for 10 min. The cells were electroporated
in a 4-mm cuvette (Bio-Rad) at the setting of 300 V of voltage pulse and
960 wF of capacitance. Immediately after electroporation, the transfected

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

ELISA

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

\§-8—<BIath
Cell ) + @ — s—<Elatin] @ —» Elution: cell surface proteins

=D

Anti-meesin pAbs Human pAbs

B Anti-moesin mAbs C  AA1l AA2  AAl AA2  HII HRE
[ a

a b ¢ [

80kD 80kD

FIGURE 3. Isolation and identification of proteins on THP-1 cells recognized by anti-moesin Abs. A, THP-1 cells were treated with sulfo-NHS-SS-biotin
and the cell surface proteins were isolated with avidin-fixed columns. B, Three different protein lysates (a, whole cells; b, cytoplasmic proteins; and ¢,
surface proteins) were subjected to Western blotting with anti-moesin mAbs. C, THP-1 cell lysates (a) and surface proteins (c) isolated from THP-1 cells
were subjected to Western blotting using anti-moesin pAbs purified from two AA patients’ sera (AA1 and AA2) or non-specific control human IgG pAbs

purified from two healthy individuals’ sera (HI1 and HI2).
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AB, No. 3510-1H-20, and Mabtech; AB, No. 3420-1H-6) according to the
manufacturer’s instructions. The OD absorbance at 450 nm was determined
using a SLTEAR 340 ATELISA reader (SLT-Labinstruments). For deter-
mination of cytokine levels in the PB serum and BM plasma, the following
additional procedures were performed. Samples were centrifuged at 10,000
rpm for 10 min. ELISA plates were covered with 200 ul/well of TNF-«
assay diluent (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-« assay diluent (eBioscience; No. 00-
4202-AD) and IFN-vy assay diluent (Mabtech; No. 3652-D) were used to
dilute biotinylated mAb TNF-a-1I solution and biotinylated mAb 7-B6-1,
respectively.

Statistics

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

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

To confirm the expression of moesin-like molecules on the PB and
BM cells, various leukocyte subsets were examined using flow
cytometry with anti-moesin mAbs. Fig. 1 shows the representative
results of flow cytometry on one healthy individual. Moesin-like
molecules were detectable on T cells, NK cells, and monocytes on
their surface but not on B cells, neutrophils, and BM CD34™* cells
as shown in Fig. 1. All three healthy individuals and the three AA
patients showed similar results except that moesin-like molecules
were not detectable on monocytes derived from the three AA pa-
tients. The mean fluorescence intensity values of the monocytes
from healthy individuals and AA patients were 11.5 = 2.2 and
6.6 = 2.1, respectively, and the difference was significant (mean
fluorescence intensity = SD, p < 0.05, unpaired ¢ test). In addition
to the leukocyte subsets from the healthy individuals, moesin-like
molecules were detectable on a T cell leukemia cell line Molt-4 as
well as on monocytic leukemia cell lines U937 and THP-1 (Fig. 2),
while they were undetectable on myeloid leukemia cell lines such
as K562, UT-7, OUN-1, and TF-1. They were either undetectable
on the Burkitt lymphoma cell line, Daudi, or T cell lymphoma cell
line, Jurkat (data not shown). The treatment of THP-1 with 20
ng/ml PMA for 24 h and/or 10 ng/ml LPS for 20 h augmented the
expression of moesin-like molecules (Fig. 2D), thus, indicating an
up-regulation of the moesin-like molecules associated with the dif-
ferentiation of THP-1 cells into macrophages.

Identification of moesin on the surface of THP-1 cells

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

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

To further confirm the expression of moesin on the surface of
THP-1 cells, the cells were transfected with moesin shRNA using
electroporation. Flow cytometry showed a decrease in the moesin

707

Moesin-FITC
2 3

+— Moesin

¢—Tubulin

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

expression level on the surface of the THP-1 cells transfected with
moesin shRNA in comparison to the THP-1 cells transfected with
negative control shRNA (Fig. 4A4). When the THP-1 cells trans-
fected with different dosages of moesin-specific ShRNA were ex-
amined by Western blotting, the moesin expression by the THP-1
cells was decreased in a dose-dependent manner. The control
shRNA specific to LacZ had no effect on moesin expression.

Effect of anti-moesin Abs on THP-1 cells

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

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

The expression of moesin on the T cells and monocytes as well as
the TNF-« secretion from the THP-1 cells induced by anti-moesin
pAbs suggested that anti-moesin pAbs in the AA patients’ sera
might also stimulate these immune cells from healthy individuals
and AA patients to secrete cytokines. When the PBMCs from
healthy individuals were incubated for 48 h in the presence of 5
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FIGURE 5. TNF-a release from THP-1 cells stimulated by anti-moesin
Abs. A, THP-1 cells were cultured for 48 h with 5 pg/ml of anti-moesin
Abs or control Abs. Anti-moesin pAbs, anti-moesin polyclonal IgG iso-
lated from the serum of AA patients; control human pAbs, control human
1gG pAbs isolated from healthy individuals; anti-moesin mAbs, anti-
moesin mouse IgG1 mAbs (clone 38/87); control mouse mAbs, control
mouse IgG1 mAbs. Then, 100 ng/ml LPS was used as a positive control.
The data represent the mean TNF-a concentration = SD of three experi-
ments. *, p < 0.01 vs control Abs. B, The detection of moesin on THP-1
cells by anti-moesin pAbs purified from the serum of an AA patient.

pg/ml of anti-moesin pAbs, the amount of TNF-« in the culture
medium was approximately 10 times more than those of control
cultures and was more than half of that of the culture stimulated by
100 ng/ml of LPS (Fig. 64). The same concentration of anti-moesin
pAbs induced a similar amount of TNF-c from the PBMCs from AA
patients (Fig, 6B). On the other hand, when monocytes isolated 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-« of that
induced from whole PBMCs (Fig. 6, C and D).

The unexpectedly high inducibility of TNF-« secretion from the
PBMCs by the anti-moesin pAbs prompted studies on the induc-
ibility of IFN-vy secretion from the PBMCs by the Abs. Fig. 7, A
and B, shows the effect of anti-moesin Abs on the IFN-y secretion
from PBMCs. Although anti-moesin pAbs alone could not induce
IFN-v secretion from the PBMCs derived from healthy individu-
als, the Abs stimulated PBMCs that were prestimulated with anti-
CD3 mAbs to secrete nearly as much IFN-vy as that PHA did. In
contrast, the PBMCs from the AA patients could secrete JFN-vy in
response to 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 pg/m! 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-a release from PBMCs or monocytes stimulated by
anti-moesin pAbs. The PBMCs or isolated monocytes were cultured for
48 h in the presence of 5 pg/ml of anti-moesin IgG pAbs or human control
IgG pAbs isolated from the serum of AA patients or healthy individuals.
Then, 100 ng/ml of LPS was used as a positive control. PBMCs isolated
from 10 healthy individuals (A) and 7 AA patients (B), and monocytes
separated from the PBMCs of 7 healthy individuals (C) and 7 AA patients
(D), were used as targets. The data represent the mean TNF-a concentra-
tion = SD. %, p < 0.005 vs control Abs.

control 1gG pAbs (Fig. 7, C and D), 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 patients were exam-
ined using ELISA, no significant differences in TNF-c and IFN-y
concentrations were observed between the 2 groups (TNF-a:
88.0 = 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
pg/ml in anti-moesin Abs-positive patients, 47.5 = 44.9 pg/ml in
anti-moesin Abs-negative patients). None of the sera derived from
four healthy donors showed detectable levels of TNF-a (>5 pg/
mi) and IFN-y (>5 pg/mi). 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-vy concentrations of three anti-moesin Abs-positive patients
were 29, 123, and 133 pg/ml, while those of two anti-moesin Abs-
negative patients were 13 and 80 pg/ml. None of the BM plasma
derived from three healthy donors showed detectable levels of
TNF-a (>5 pg/ml) and IFN-y (>3 pg/ml).

Discussion

The present study revealed that the proteins recognized by the
anti-moesin Abs are detectable on the surface of various leuko-
cytes subsets including T cells, NK cells, and monocytes as well as
on T lymphocytic and monocytic leukemia cell lines. Moesin is an
intracellular protein that links the cell membrane and cytoskeleton,
and mediates the formation of microtubules and cell adhesion sites
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as well as ruffling of the cell membrane (17). This membrane-
linking protein is expressed by various blood cells including
megakaryocytes and granulocytes (23), but its expression was
thought to be localized inside the cell membrane and not on the
cell surface. Some studies revealed that anti-moesin Abs could
bind to the surface of T cells (18) and macrophages (19) in keeping
with our observation. However, none of the previous studies char-
acterized the cell surface protein recognized by the anti-moesin Abs.
Using biotin-labeled membrane proteins coupled with an avidin gel
column and peptide massfinger printing, the present study identified
the cell surface 80 kDa protein 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 is known about the function of anti-moesin Abs in vitro
and in vivo. In contrast to our results, Amar et al. (24, 25) found
that anti-moesin mAbs (clone 38) suppressed LPS-induced TNF-«
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-« 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 preparation contains 1.5 mM sodium azide as
a preservative, it is most likely that the dose-dependent inhibition of
TNF-« secretion by clone 38 mAbs was due to toxic effect of sodium
azide. Alternatively, clone 38 mAb which recognizes the C-terminal
portion (554~564 amino acid residues) of moesin may exert a differ-
ent effect on THP-1 cells from the effect of mAb clone 38/87 which
recognizes the middle portion (317-398 amino acid residues) of moe-
sin and from the effect of pAbs purified from AA patients’ sera.

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

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

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

A previous study demonstrated the presence of anti-moesin Abs
in 14-34% of patients with rheumatoid arthritis (11, 31), and a
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case-control study on AA conducted by the International Agran-
ulocytosis and Aplastic Anemia Study Group revealed that a past
history of rheumatoid arthritis is significantly associated with the
later development of AA (32). The anti-moesin pAbs derived from
patients with rheumatoid arthritis 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 arthritis (33-35) as well as for some patients with myelo-
dysplastic syndrome (36, 37). Recent reports have shown the efficacy
of anti-CD20 Abs in restoring 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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Background

NKG2D, an activating and co-stimulatory receptor expressed on natural killer cells and T
cells, plays pivotal roles in immunity to microbial infections as well as in cancer immuno-
surveillance. This study examined the impact of donor and recipient polymorphisms in
the NKG2D gene on the clinical outcomes of patients undergoing allogeneic T-cell-replete
myeloablative bone marrow transplantation using an HLA-matched unrelated donor.

Design and Methods

The NKG2D polymorphism was retrospectwely analyzed in a total 145 recipients with
hematologic malignancies and their unrelated donors. The patients underwent transplan-
tation following myeloablative conditioning; the recipients and donors were matched
through the Japan Marrow Donor Program.

Results

In patients with standard-risk disease, the donor NKG2D-HNK1 haplotype, a haplotype
expected to induce greater natural Killer cell activity, was associated with significantly
improved overall survival (adjusted hazard ratio, 0.44; 95% confidence interval, 0.23 to
0.85; #=0.01) as well as transplant related mortahty (ad]usted hazard ratio, 0.42; 95% con-

_ﬁdence interval, 0.21 to 0.86; p=0.02), but had no impact on disease relapse or the devel-
* ~opment of grade II-IV acute graft-versus-host disease or chronic graft-versus-host disease.
“The NKG2D polymorphism did not significantly influence the transplant outcomes in

patients with high-risk disease.

Conclusions

These data suggest an association between the donor HNK1 haplotype and better clinical
outcome among recipients, with standard-risk disease, of bone marrow transplants from
HLA-matched unrelated donors.

Key words: NKG2D, HNK1, LNK1, unrelated donor; bone marrow transplantation,
single nucleotide polymorphism.
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Introduction

Hematopoietic stem cell transplantation (SCT) is a
potentially curative treatment for a range of hematologic
malignancies. Although the use of an HLA-matched unre-
lated donor is well accepted when an HLA-identical sib-
ling donor is unavailable, the risk of transplantation- relat-
ed complications may be increased.! Despite improve-
ments in clinical and supportive care, transplant- related
life-threatening complications, including graft-versus-
host disease (GVHD), infections and disease relapse,
remain an enormous obstacle to overcome.’ Although
HLA matching is the major genetic determinant of clini-
cal outcome after allogeneic SCT, recent evidence sug-
gests that non-HLA immune-associated genes are also
implicated.® Previous investigations have revealed that
several single nucleotide polymorphisms (SNP) which
affect individual immune response to infections and
inflammatory reactions are associated with the risk of
GVHD and transplant outcomes.*"

NKG2D is an activating and co-stimulatory receptor
belonging to the C-type lectin-like family of transmem-
brane proteins and is expressed as a homodimer on natu-
ral killer (NK) cells, CD8* off* T cells, ¥6" T cells and acti-
vated macrophages.'™*® The ligands for NKG2D, such as
MHC class I-chain related proteins (MICA and MICB),
UL16 binding proteins are usually absent or expressed at
very low levels in normal cells but are up-regulated by
cellular stress including heat shock and microbial infec-
tions and are frequently expressed in epithelial tumor
cells.” Ligand engagement of NKG2D triggers cell-medi-

ated cytotoxicity and co-stimulates cytokine production”

through a DAP10-phosphoinositol 3-kinase dependent
pathway and plays an important role in the elimination of
tumors and infected cells.'*'** b b

Recently, SNP were identified between LNK/ and
HNK haplotypes of the NKG2D gene.” In Japanese indi-
viduals, the HNK1 haplotype is associated with greater
activity of NK cells in the peripheral blood** and a lower
prevalence of cancers originating from epithelial
cells.?®* The present studyinvestigates the impact of
donor and recipient polymorphisms in the NKG2D gene
on the clinical outcomes of patients undergoing allogene-
ic myeloablative bone marrow transplantation using an
HLA allele-matched unrelated donor.

Design and Methods

Patients

NKG2D genotyping was performed on a total 145
recipients with hematologic malignancies and their unre-
lated donors who were part of the Japan Marrow Donor
Program (JMDP). The recipients underwent transplanta-
tion, following myeloablative conditioning, with T-cell-
replete marrow from an HLA-A, -B, -C, -DRB1 allele-
matched donor between November 1995 and March
2000. HLA genotypes of the HLA-A, -B, -C, and -DRB1
alleles of the patients and donors were determined by the
Luminex microbead method described previously.
(Luminex 100 System; Luminex, Austin, TX, USA)*%* No

patient had a history of prior transplantation. The final
clinical survey of these patients was completed by
November 1, 2007. Diagnoses were acute myeloid
leukemia (n=49; 34%), acute lymphoblastic leukemia
(n=37; 26%), chronic myeloid leukemia (n=41; 28%),
myelodysplastic syndrome (n=11; 8%) and malignant
lymphoma (n=7; 5%), (Table 1). The recipients were
defined as having standard risk disease if they had acute
myeloid or lymphoblastic leukemia in first complete
remission, malignant lymphoma in complete remission,
chronic myeloid leukemia in any chronic phase or
myelodysplastic syndrome. All other patients were desig-
nated as having high-risk disease. Myeloid malignancies
included acute myeloid leukemia, chronic myeloid
leukemia and myelodysplastic syndrome, whereas lym-
phoid malignancies included acute lymphoblastic
leukemia and malignant lymphomas. Cyclosporine or
tacrolimus- based regimens were used in all patients for
GVHD prophylaxis whereas anti-T-cell therapy, such as
anti-thymocyte globulin and ex vivo T-cell depletion, was
not. All patients and donors gave their written informed
consent to molecular studies, according to the declaration
of Helsinki, at the time of transplantation. The project
was approved by the Institutional Review Board of
Kanazawa University Graduate School of Medicine and
the JMDP.

NKG2D genotyping

. NKG2D was genotyped using the TagMan-Allelic dis-
crimination method” with a 9700-HT real time poly-
merase chain reaction (PCR) system (Applied Biosystems,

Foster City, CA, USA) and results were analyzed using
" allelic discrimination software (Applied Biosystems). The

genotyping assay was conducted in 96-well PCR plates.
The amplification reaction contained template DNA,
TagMan universal master mix and a specific probe (prod-
uct No. C_9345347_10; Applied Biosystems) for
151049174, a single locus featuring a G-C substitution to
distinguish between the HNK1 (G) and LNK{ (C) haplo-
types of the NKG2D gene

Data management and statistical analysis

Data were collected by the JMDP using a standardized
report form. Follow-up reports were submitted at 100
days, 1 year and annually after transplantation. Pre-trans-
plant cytomegalovirus serostatus was routinely tested
only in patients but not in their donors. Engraftment was
confirmed by an absolute neutrophil count of more than
0.5x10°/L for at least 3 consecutive days. Acute and
chronic GVHD were diagnosed and graded using estab-
lished criteria.®” Overall survival was defined as the
number of days from transplantation to death from any
cause. Disease relapse was defined as the number of days
from transplantation to disease relapse. Transplant-relat-
ed mortality was defined as death without relapse. Any
patients who were alive at the last-follow-up date were
censored. When collecting data, only the main cause of
death was recorded if two or more causes were com-
bined. Data on eticlogical agents of infections, post-
mortem changes and supportive care (including prophy-
laxis of infections and therapy of GVHD, which were
given on an institutional basis), were not available for this
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cohort of patients. The analysis was performed using
Excel 2007 (Microsoft Corp, Redmond, WA, USA),
OriginPro version 8.0] (Lightstone Inc, Tokyo, Japan), and
R (The R Foundation for Statistical Computing, Perugia,
[taly).* The probability of overall survival was calculated
using the Kaplan-Meier method and compared using the
log-rank test. The probabilities of transplant-related mor-
tality, disease relapse, acute GVHD, chronic GVHD, and
each cause of death were compared using the Grey test™

Table 1. Characteristics of the donors and recipients.

and analyzed using cumulative incidence analysis,® con-
sidering relapse, death without disease relapse, death
without acute GVHD, death without chronic GVHD,
and death without each cause as respective competing
tisks. The analysis was stratified for patients with stan-
dard-risk disease and high-risk disease to take into
account the already recognized prognostic differences.
The variables considered were recipient age at time of
transplantation, sex, recipient cytomegalovirus serosta-

Age, years

Recipient 0.08 ) 0.39

Median 31 23 23 2

Range 1-50 1-50 7-46 48

Donor 0.54

Median 33 28 34 29 0.02

Range 22-49 21-50 2147 21-50
Recipient VKG2D haplotype: = = 0 i e S e (B
‘HNKIpositive = - 33 60% - 28 - % 8% M 5%
CHNKInegative o0 ) A0 10 26% 3% 1 A%
Sex, male 0.77

Recipient 30 55% 8% 15 63%

Donor 4 76% 66% 13 54%
Recipient/donorsex = oo o 0 e e 086
- Sexmatched o 031 B6% . 18 - 64% 16 8%
‘Malefemale o fo 1% 5 18% 5 2%
Female/male-- - 18 33% s B 3%
Disease 0.86 0.99

Acute myeloid leukemia 14 25% o 9 24% 14 50% 12 50%

Acute lymphoblastic leukemia 10 8% - 8 21% 10 36% 9 38%

Myelodysplastic syndrome 6 11% 5 13% 0 0% 0 0%

Malignant lymphoma 2 4% 3 8% 1 4% 1 4%

Chronic myeloid leukemia 23 7 42% 13 34% 3 1% 2 8%

ABO matching: = v e B o 2037 - Cmen 08
- Matched o k% 19 50% Gl o 50% 1 1%
- ‘Major mismatch . W% 10 6% - oo b % 5. 1%

Minor mismatch. = 1% 8 Uh g % 2 8%
‘Bi-dil‘BCtiOﬂaI ‘  e 0% . o 1 ‘ “‘3%‘ : ’ o 0 0%, . 32 1 o i 1% o
Conditioning regimen 0.93 0.51

With total body

irradiation 43 8% 30 79% 26 93% 21 88%

Without total body

irradiation 12 22% 8 21% 2 7% 3 13%
Pretransplant CMV serostatus =~ e 3 .. - @ n
- CMVenegative reciplent 14 -~ 25% S B% o6 % 5 0%
‘Missingdata.. -4 7% 0 % o5 8 4 Y%
GVHD prophylaxis 0.58 0.11

With cyclosporine 51 93% 34 89% 27 96% 20 83%

With tacrolimus 4 7% 4 11% 1 1% 4 17%

TNC, x10%g > = o e . 040 T
Median - 54 X e ey

Range: e RSN ey 24480

Engraftment 53 96% 38 100% 0.23 28 100% 23 96% 0.28

CMV: cytomegalovirus; TNC: total nucleated cell count harvested.
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tus before transplantation, disease characteristics (disease
type and disease lineage), donor characteristics (age, sex,
sex compatibility, and ABO compatibility), transplant
characteristics (total body irradiation-containing regimen,
tacrolimus versus cyclosporine, and total nucleated cell
count harvested per recipient weight). The median was
used as the cut-off point for continuous variables. The ¥’
test and Mann-Whitney test were used to compare results
of two groups. The Hardy-Weinberg equilibrium for the
NKG2D gene polymorphism was tested using the
Haploview program.® Multivariate Cox models were
used to evaluate the hazard ratio associated with the
NKG2D polymorphism. Co-variates found to be statisti-
cally significant in univariate analyses (p<0.10) were
included in the models. For both the univariate and mul-
tivariate analyses, p values were two-sided and outcomes
were considered to be statistically significant with
7<0.05.

Resulis

Frequencies of NKG2D haplotype

The NKG2D gene polymorphism was analyzed in 145
pairs of unrelated donors-recipients of bone marrow fol-
lowing myeloablative conditioning (Table 1). The haplo-
type frequencies of LNK4/LNK1, HNK4/LNK{ and
HNK1/HNK1 were 43%, 42% and 15%, respectively in
donors and 35%, 45% and 20%, respectively in recipi-
ents. These frequencies were similar to those reported in
previous studies in Japanese populations™? and were in

accordance with the Hardy-Weinberg equilibrium

(v=0.80).

Transplant outcomes according to NKG2D haplotype
With a median follow-up of 115 months among sur-
vivors (range, 74 to 140 months), 30 recipients (21%) had
relapsed or progressed and 62 (47%) had died. Three
patients (2%) died before engraftment. The analysis of
the influence of the NKG2D genotype on clinical out-

comes after transplantation was stratified according to
whether the recipients had standard-risk disease or high-
risk disease to account for the already recognized prog-
nostic difference. The overall survival at 5 years in
patients with standard-risk disease was 63% while that
of patients with high-risk disease was 44% (p=0.06). The
5-year cumulative incidences of trasplant-related mortali-
ty were 32% and 27 %, respectively (#=0.38) and those of
disease relapse were 10% and 31%, respectively
{(¢=0.0006).

The transplant outcomes according to NKG2D geno-
type are summarized in Table 2. Patients with standard-
risk disease receiving transplants from donors with the
HNK 1 haplotype had a significantly better 5-year overall
survival (73% vs. 49%, p=0.01; Figure 1A) and lower
transplant-related mortality rate (22% vs. 45%, p=0.02;
Figure 1B) than those receiving transplants from donors
without the HNK1 haplotype. No difference was noted in
disease relapse in relation to the donors’ polymorphism
(9% vs. 11%, p=0.81; Figure 1C) or in the development of
grades II to IV acute GVHD (28% vs. 41%, p=0.25) or
chronic GVHD (37% vs, 41%, p=0.83). When patients
with acute myeloid leukemia or myelodysplastic syn-
drome were separately analyzed, there was still no differ-
ence in disease relapse in relation to NKG2D polymor-
phisms (data not shown). In patients with high-risk disease,
the donor HNK1 haplotype had no significant effects on
transplant outcomes (Table 2).

Muitivariate analysis
~ Any factors found to be significant in univariate analy-
ses were included in the multivariate analysis. When

* patients with standard-risk disease were analyzed, the

HNK 1 haplotype in donors remained statistically signifi-
cant in multivariate analyses for both overall survival and
transplant-related mortality (Table 3). The presence of the
HNK1 haplotype in the donor resulted in better overall
survival (hazard ratio, 0.44; 95% confidence interval, 0.23
to 0.85; p=0.01) and transplant-related mortality (hazard
ratio, 0.42; 95% confidence interval, 0.21 to 0.86; p=0.02).

Table 2. Univariate analysis of the association of NKG2D polymorphisms with clinical outcomes after transplantation.

Standard-risk disease

Donor NKG2D haplotype 0.01 0.25 0.83

HNKI-positive 55 73% 2% 28% 37%

HNKI-negative 38 49% 45% 41% 41%
Recipient NKG2D haplotype =~~~ 039 . oo 088
" HNKl-positive 6L - . - sy % . 3%
- HNKI-negative ==~ 8% E e 38%

High-risk disease

Donor NKG2D haplotype 0.91 0.77 0.93 0.08 047

HNKI-positive 28 43% 26% 33% 54% 44%

HNKI-negative 24 46% 29% 29% 30% 35%
Recipient NKGD haplotgpe -~~~ 041 - 03 oM e IR
_ HNKl-positive -~ 33 4% - B% 39% C 3%
* HNKI-negative 47% 3% 50%. A%

0OS: overall survival, TRM: transplant-related mortality
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The donor and recipient HNK1 haplotype did not signif-
icantly influence the transplant outcomes in patients
with high-risk disease.

Main causes of death

The main causes of death according to the HNK{ hap-
lotype of the donors and recipients are illustrated in
Figure 2A for patients with standard-risk disease, and in
Figure 2B for those with high-risk disease. In patients
with standard-risk disease receiving transplants from
HNK{-negative donors, the most frequent cause of death
was acute GVHD, followed by interstitial pneumonia.
Transplants from HNK1-positive donors resulted in a sta-
tistically significantly reduced incidence of death attrib-
uted to acute GVHD (Figure 3A; p=0.006) as well as a
trend toward a lower incidence of death ateributed to
interstitial pneumonia (Figure 3B; p=0.09). Other causes
of death did not differ according to the HNK1 haplotype.

Discussion

The current study showed an association between the
NKG2D-HNK1 haplotype in unrelated donors of HLA-
matched myeloablative bone marrow transplants (haplo-
type frequency, 61%) and a significantly reduced trans-
plant-related mortality and better overall survival for
their recipients with standard-risk disease. The polymor-
phism of the donor NKG2D gene did not influence dis-
ease relapse or the development of grades Il to IV acute
GVHD or chronic GVHD in the patients. One possible
explanation for the absence of the beneficial effects of
the HNK/ haplotype in patients with high-risk disease
may be that the number of cases in the study was insuf-
ficient for a meaningful assessment of the "effect.
Alternatively, disease progression may precede the emer-
gence of the potential advantageous effects of the HNK1
donor haplotype that could protect the recipient from
severe transplant-related complications. There was a
larger difference in disease relapse between patients with

standard-risk disease and those with high-risk disease:
10% and 31% at 3 years after transplantation, respective-
ly.
NKG2D plays important roles in immunity to micro-
bial infections and is especially prominent in controlling
viral and bacterial infections.’® Therefore, the reduced
transplant-related mortality in patients with standard-
risk disease receiving grafts from donors with the HNK+
haplotype in this study might be a consequence of
increased resistance to infections in the recipients.
However, the hypothesis is too speculative because of
the unavailability of data on causes of infections in this
cohort. Further studies will be needed to clarify whether
the HNK{ haplotype in donors can effectively protect
patients against infections.

Several studies have shown that NK cell activity has an
important role in the outcomes of patients undergoing
allogeneic transplantation.®* Alloreactive NK cells
reduced the risk of relapse of acute myeloid leukemia
without increasing the incidence of GVHD, resulting in a
marked improvement of event-free survival in a series of
haploidentical transplant recipients.®* In HLA-identical
sibling transplants, the absence of HLA-C and HLA-B lig-
and for donor-inhibitory killer immunoglobulin-like
receptors {KIR) provided benefits in terms of survival and
relapse of patients with acute myeloid leukemia and
myelodysplastic syndrome in recipients of T-cell-deplet-
ed SCT.¥ On the other hand, the JMDP found that KIR
ligand mismatch was unfavorably correlated with relapse
of leukemia and survival in patients undergoing T-cell-
replete unrelated bone marrow transplants.”® All patients
in the present study received grafts from an HLA-A, -B,
and -C allele-matched donor, implying KIR ligand match
between each patient and donor. It is an open question
whether the NKG2D polymorphism could affect the out-
comes of patients undergoing transplantation with KIR-
mismatched grafts.

In this study, major and minor ABO incompatibilities
between the donor and recipient tended to be associated
with poorer transplant outcomes, regardless of the risk

Table 3. Multivariate analysis of the association of NKG2D polymorphisms with clinical outcomes after transplantation.

Standard-risk disease

HNKI-positive donor 044 0.23-085 001 042 021-0.86 0.02 071 0.19-2.67 0.61 083 039-1.75 063 083 039-1.75 062
HNKI-positive recipient: 122 0.60-250 - 058 1.32 0.61-2.87 048 LIl 0.28-448 088  1.540.66-3.57 0.32 106 0.49:231 088
Donor age, >31 years - - - - - - - - - 17 095-496 007 - - -
Major ABO fncompatibility. = = oo s il w0 Gl ¢ - =312 149-656:0.003 0500 0:17-145 020
Minor ABO incompatibility ~ 242  1.17-5.03 0.02 - - - - - - - - - 029 0.07-124 0.10
High-risk disease
HNKI-positive donor 0.68 030-151 034 062 020-1.91 040 125 041-3.80 0.69 187 069-507 022 155 0.60-4.01 037
. HNKI-positive recipient = = 141 -~ 0.65-3.07 - 039~ 076 0.25-2.29 0.63 = 2.35:0.66-844 0:19 047 018122 012 0:92 0.35-2.38.0.86
Age, >26 years 195 0.93-4.09 008 630 1.86-21.32 0.003 - - - - - - - -
“ Donorage,>3lyears. oo e e e 083 DITLES 02T s s e s e -
Minor ABO incompatibility 294 1.19-7.25 0.02 - - - - - - 510 2.08-12.52 0.004 - - -
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category of the disease. These findings are compatible
with those of a previous study by the JMDP? although
the impact of ABO incompatibilities on SCT outcomes is
controversial.

This study also identified age as a significant predictive
factor for transplant-related mortality in the patients with
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Figure 1. Kaplan-Meier analysis of (A) overall survival, (B) cumula-
tive incidence of transplant-related mortality and (C) disease
relapse after transplantation according to the donor NKG2D poly-
morphism in patients with standard-risk disease. Patients with
donors with the HNK1 haplotype had better overall survival and
lower transplant-related mortality. Donor haplotype had no signif-
icant impact on disease relapse.

standard-risk disease. This is consistent with the results
of a previous study” showing that age over 35 years
increased the risk of transplant-related mortality after
allogeneic myeloablative SCT in high-risk patients.

A possible limitation of this study is the fact that no
direct evidence is yet available regarding the ability of
NKG2D polymorphisms to protect against microbial
infections. The association observed between the
NKG2D haplotype and transplant outcome might be due
to another genetic polymorphism in linkage disequilibri-
um responsible for a better transplant outcome. One can-
didate gene is NKG2F (KLRC4), which is located in the
NK complex region adjacent to the NKG2D gene, because
an intrinsic SNP (152617171} in the gene has been report-
ed to be in complete linkage with the NKG2D genotype.™
Alternatively, polymorphisms may not be directly associ-
ated with controlling infection, but rather may be associ-
ated with other factors, such as sensitivity to treatment
against GVHD or protection against organ toxicities relat-
ed to transplants, which also influence the transplant out-
come. These hypotheses have yet to be verified give the
insufficient evidence.

Polymorphisms in genes encoding for nucleotide-bind-
ing oligomerization domain 2 (NODZ)/caspase recruit-
ment domain 15 (CARD15),” heme oxygenase-1 (HO-1)
promoter,® the Toll-like receptor 4,* CC chemokine ligand
(CCL) 5 promoter,” transforming growth factor (TGF)
B1," interleukin (IL) 12, tumor necrosis factor (TNF) o,
IL-23,*:mannose-binding lectin (MBL)," Fcy receptor Ila
(FcyRIla), myeloperoxidase (MPO), FeyRIlIb, IL-1Ra, IL-
10;” Fc receptor-like 3 (FCRL3), peptidylarginine deimi-
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Figure 2, Main causes of death after transplantation according to
the NKG2D polymorphism in patients with (A) standard-risk dis-
ease (B) high-risk disease.
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nase citullinating enzymes 4 (PADI4)" and methylenete-
trahydrofolate reductase (MTHFR)™ have been shown to
influence the outcome after allogeneic SCT. Most of
them are associated with the development of GVHD.
Only the NOD2/CARD15 and HO-1 promoter polymor-
phisms have a significant impact on overall survival after
SCT. Furthermore, the impact of the HO-1 promoter
polymorphisms depends on donor cells but not on recip-
ient cells, as observed with-the"NKG2D polymorphism

Figure 3. Cumulative incidence of deaths due to (A) acute GVHD
and (B) interstitial pneumonia after transplantation in patients
with standard-risk disease. The HNK1 haplotype in donors was
associated with a significantly lower incidence of deaths due to
acute GVHD (p=0.006) as well as a trend toward a lower incidence
of deaths due to interstitial pneumonia (p=0.09).

ciated with overall survival in the present study. This
may prompt the determination of the donor NKG2D
polymorphism prior to SCT in order to choose the best
donor, expected to minimize transplant-related mortality
after SCT, when multiple donors for a patient are avail-
able. Otherwise, prior information on the donor NKG2D
polymorphism may be helpful in selecting risk-specific
appropriate precautions following transplantation.

In conclusion, the present data suggest that the
NKG2D polymorphism, in addition to HLA disparity
between recipients and donors, affects prognosis after a
bone marrow transplant from an unrelated donor
However, care should be made in drawing conclusions
because the number of patients in the present study was
small. The finding of a gene polymorphism may not be
equivalent to differences in gene expression, which may
be influenced by multiple factors because the NKG2D
receptor is, found on many tissues and cells."
Experimental” evidence is required to substantiate the
effect 6f the NKG2D polymorphism on immune func-
tion: We next plan to conduct a prospective study to con-
firm these results and to extend this investigation to
other transplantation settings, such as related donor SCT,

‘reduced-intensity SCT, HLA-mismatched SCT and SCT

for patients with non-hematologic malignancies.
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included refragtory anemia (RA) (n=4), rofractory anemia with
excass blests (RAEB) (n=7), RAEB-t (n=2), and MDE-ralated
sacandary AML (n=21). All patients reccivad four fractianated
12 Gy total body irradiation and chemolherapy as mysloabla-
tive conditioning. All patlents received standard cyclosporing
and matholraxele as a GVHD prophylaxls, The wmedian age
was 40 years (range, 18-52 vears), the median weight was 56
kg {rangs, 43-78 kg), and the median number of cryopreserved
nucleated cslls was 2.44 x 107kg (range, 1.71-4.10 x 10%kg)
and the median number of cryopraservad CD34 positivo calls
was 0.85 x 107/kg (range, 0.40-2.14 % 10%kg). 31 patients had
myeloid reconstitution and the median time to more than 0.5 %
108/L absolute netitrophil count was 22 days. A self-sustained
platelet count mate than 50 x 10%L was achlaved in 30 patisnts
at a median dme of 50 days. Grades |-V acute GVHD ogourred
In 5 of 31 evaljable patients and chronle GVHD in 26 of 29 evals
uabla patlants, Arneng 26 chronic GVHD patlents, in 13 patienis
the dlsesse was extensivae. No facler was assoclated with
hemaltopoietic recovory and the In¢ldence of acute and chronie
GVHD. The S-year sumulative incidence of transplant ralated-
mortality (TRM) and relapse was 14.5%, 16.6%, respectively.
No factor was associatad with TRM and relapse. 25 pationts ara
aliva and frea of diseass 3t between 3.4 and 125 months after
transplantation, Median follow-up was 68 months, The probabils
ity of avent-free survival (EFS) at § years was 71.3%. Paorrisk
karyalype at diagnosis was slgniflcantly associated with worss
EFS (p=0.037). Coll dase and HLA malching had no Impagi
on any transplant owlcomas, These resulls suggest that adult
MDS pationts without suiiable related or unrolated hone marrow
donors should be considered as candidatos for CBT,
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Efficacy of plerixafor plus G-C8F compared o S-C3F

plus placebo for mobllisation of CD34+ haomatopoletle
progonitor cells In patients oldor than 60 years with
nan-Hadgkin’s lymphoma or multiple myeloma

LN Micallsf (1), JLF. DiPorsic (2}, AR Nademaneo (3),
F.J. Stiff(4), E.A, Stadtmauer(8), R.T. Maziarz (6), B.J. Bolwell (7},
J. Angell (8], G. Bridger (8}, G. Calandra (8)

(1)Mayo Clinle (Rochestern, US); (2)Washinglon University (Saint
Louls, US); (3)City of Hope (Duarte, US), (4)Loyola Univarsity
Madleal Center (Maywood, US); (8)University of Pennsylvania
{Philacielphia, US): {8)Oragon Heaith & Scienca Unjversity
(Porfland, US), {7)Cleveland Clinic Foundation (Clevaiand,
U3); (8)Genzymo Corparation (Cambridge, US)

Advanced age and intensive previous chemotherapy ara two
independent risk factors that are associated with poor CD34+
hematopoietic stem call {(MSC) mobilization in patlents under-
going autologous stem cell transplantation (ASCT), The pur-
pose of this reper is to svalaute the efflcacy of plerixafor plus
3-C8F (G) to G alonz in non-Hodgkin's lymphoma (NHL) and
multiple mye¢loma (MM) patients >80 years of age undergolng
CD24+ HSC mobilization for ASCT,

Adult NHL and MM patlants requiring ASCT were allgible to par
ticlpate in @ phasa Il muRki-center, randomized, glavebo con-
trolled trial, Non-Hodgkin's lymphoma patlenis participated in
sludy 3101 and MM patients in study 3102. 1n each of the irials,
patients were randomized to rocalva plerlxafor plus G or G plus
placobo. All patients received G (10may/kg/day) for 4 days; on
the avaning of day 4 thoy recelved sither plerixator (240meg/
ko) ar placeba. Patiants underwent apheresis on day 5 aftor
a morning dose of G. Patients contlnued {o regsive avaning
study treatment followed by morning G and apherasis for up
to a pre-specified number of apheresis days or untll a target
number of CD34+ celis/kg were collected. In 3101, the primary
andpeint was the percentage of patlents who achieved 5x10°
CO34+ callafkg in 4 or less apharesls days. In 3102, the pri-
mary andpelnt was the percentage of patients who aghieved 6x
10" CD34+ cells/kg in 2 or less apheresis days,

Of tha 298 patllents anrolied in study 3101, 12¢ NHL patients
ware older than 60 years of age. The primary endpoint in this

subgroup of patients was mel in 29/57 (50.9%) and 17/67
{25.4% of the patlents In tha plardxafer plus 8 and G pius pla-
cobe groups, respestivaly (p<0.001). Median time lo neutrophll
engrafiment in the plerixafor plus G group was 10 days and
11 days In the G plus plecebo group. Median tima o platelet
angraliment was 20 days and 21 days in the G pius plorizafor
and G plus placebo groups, respectivaly.

Of tha 302 patients anrcllad in study 3102, 145 MM patients
ware older than 60 years of age. The primary endpoint in this
subgroup of MM patients was met in 4B8/83 (68.6%) and 18/78
{23.7%) of the patients in the plerixafor plus G and G plus pla-
cebo groups, respectively (p<0.001), Medlan lime te neutrophil
and platelet engraftmant in beth groups was 11 and 18 days,
respectively,

in these studies, the addition of plerixafor o G in NHL or MM
patients graater than 80 yaars old undergoing ASCT s suparler
to G alona.
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Prospactive analysis for antigon-specifie cellutar Immune
reconstitution aftor cord bleoed transplantation: immune
responso to CMV Is not affected by HLA disparity

8. Takahashl, M, Ishige, N. Watanabo, T. Yamaguchi, J. Ooi,
N. Tsukada, 8. Kalo, A, Salo, & Monma, R, Yamezaki, A, Fujita,
N. Toki, H. Tanaka, T. Uohara, K. Fujimaki, K. Oshima, Y. Aisa,
K. Motohashi, R. Hyo, Y. Najima, H. Kenamori, Y. Nannya,
R. Sakai, 8. Takada, T, Kobayashi, T. Hoshino, K. Matsumoto,
K. Hidoyuki, J. Kato, A. Yokota, N. Nakamura, M, Tanaks,
T. Mori, K. Sakamaki, S. Okamoto on bohalf of Kanto Study
Group for Cell Therapy (KSGCT)

Study purpose: Cytomagalovirus (CMV) infection is siill sorlous
problem in cord blood transplant (CBT) and T call immunity hag
an important role In control of virus replication and prevention.
The one of erucial questions in CBT Is whather naivity of lym-
phoeytes ¢ould gain antigen-spacific gellular immunity during
eatly phase of human leukecyle antigen (HLA)-mismatched
transplant. To answer this, we have analyzed the CMV-specific
immune reconstitution process for first § months,

Patients and Methods: During 2006 and 2008, 40 adults has
received myeloablative ragimens including 12 Gy of total bady
Irradiation followed by CBT and a standard cyclosparine and
methotrexate combination as GVHD prophylaxis in the Institute
of Medical Sclence, University of Tokya (IMSUT), for 19 patients
and in 9 different facilities which participated for the prospec-
tive study using IMSUT regimen for 21 patients. CMV-spocifie
CD4+ and CDB+ T cell racoveries were assassod by detection
of interferon«-gamma (IFN-g) producing colis with CMV antigen
stimulation uging intracellular cytokine staining or tetramers for
CMV pp88S in whom HLA-AQ201, -AD206 or -A2402 positive
patients. The positive was defined as >0.03% IFN-g positive
¢ells among CD4+ ar CD8&+ T ¢ell pepulation and >0.01% posi-
tive in tetramor assay,

Results: CMV-regctive (IFN-g positive) CD4+ T cells wore
dotacted in 86% at 1 month, 88% at 2 months, 92% at 3
months, 92% at 4 months and 95% at 6 months aftar CBT
which were comparablo to CMV-positive age-adjusted healthy
control (100%), CMV-reactive (JFN-g positive) and CMV-spe«
cific (tetramor-positive) CD8+ T cells were dalected in 53/5%
at 1 month, 71/44% at 2 months, 88/36% at 3 months 75/50%
at 4 months, 65/50% at & manths (38/67% in the contral). Next,
we looked the effact of HLA disparity (HLA-DR for CD4+ and
HLA-A/ -8 for CD8+ T cell) in graft-versus-hest direction with
low resolutlon typing (LRT) and in high resolution typing (HRT).
CMV-reactive CD4+ T colls were detected in 94% with matched
(OMM), 81% with one mismalched (1MM) in LRT and 100%
with OMM, 89% with 1MM, 80% with 2MM In HRT at 2 months,
CMV-spacific CDB+ T cells were datected in 33% with OMM,
38% with TMM, 56% with 2MM in LRT and 38% with 1MM, 50%
with 2MM, 67% with 3MM In HRT at 2 months, respectively.
Conclusion: Post-thymle nalve T cells in cord blood might obtain
memory and eflector fungtion in viva with antigen-spocific
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manner during early phage of posi-transplant without effect of
HLA disparity.
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HHVS Infeation is a hallmark of cord bleod transplant

I adults and may participate to delayed engraftmont:

a camparlsan with matched unrelated donors os stom

call source

2 Chevallier, T, Guillaume, L. Planche, | Hobla-Follah,
G. Brassolsite-Bodin, F Rialland, M. Costo-Burel, S. Ayarl,
J. Delaunay, V. Horvais, M, Mohty, P. Meroau, J.-L. Haroussgau,
8, Imbert-Marcille

CHU Hotel-Diau (Mantos, FR)

Harpesvirug infections after cord blood transplant (CBT) in
adults have been littlo studiad thus far, To address this issue,
wa paformed a camparison between 15 patients who received
a CEBT (CHT group) with 40 patients wha roceived an allsgeneic
transplant from a malched unrelated donor (MUD group) in our
contre.

The two groups wara comparable excgpt for the use of ATG and
the meadian numbar of CD34+ cells infused and were stringontly
monitored through CMY, EBY, and HHVE DNA guantifications
pefore and up to 9 months afler transplant, An active infectlon
was defined by a viral load >3 leg/mil of bload or fwo consacu-
five PCR between 2 and 3 log/imL.,

Considering tha all eehort, 22, 29 and 25 patlents experienced
at least one positive PCR for CMV, EBV and HHVE, Incidence
of HHVS infsction was significanily higher in the CBT group
(BO% va 42.5%, P<0.0001).Incidensce of EBV infoction was sig-
nificantly higher in the MUD group (62% ve 27%, P<0.0001).
Incidences of CMV ware gimilar between the 2 groups.

in multivariate analysis, the use of a CBT and a myeloablative
conditioning reqimen were found to incroasa the rdsk of HHVE
infection (OR=5,4, 85% CL1.2-23.0: P=0.02; OR=3.5, 95%Cl
1.03-12.08, P= 0.04) while the uso of 2 MUD transplant was
found to increass the risk of EBV infection (OR=0.31, 95%Cl,
0.07-1,37; P=0.04). HHVE infectlon siaried at a median of
38 days posi-transplant in tho CBT group vs 58 days In the
MUD group (P=NB8). In the CBT group, all pationts with HHVS
infection (m=12/12, 100%) warg still positive at the end of their
follow-up (7 pationts allve 8 9 months poest transplant and
5 patients doad belore month +9) compared 1o only 7 out of
17 (41%) in the MUD group (P<D.008). Overall, four patients
were siill EBV pogitive at tho and of the follow-up (1 patiant In
the CBT group, and 3 patlents in the MUD group, P=NS),
Interestingly, tha accurrence of HHVE reaclivation iransinind
towards delayed engraftment (medlan time to neutrophils and
platelets recovery: 37 vs 18 days; P=0,03; 98 vs, 12 days;
P=0,0001).

Overall, these results show that aiter allogenele transplant, the
pattern of HHVE and EBV infections is dependant on the source
of stem calls. A specific relationship is suggested betwaen
HHVS infoctlon and the use of cord blonod cells, In addltion (@
a potential delayed engrafimont, the ¢linicat implications of the
tatter finding need to be refinod and prespective sereaning and
antivlrffxl prophylaxis approachaes are warranied in the gontext
of CBT,
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A novel P-giyeoprotetn (Pgp) -dependont ex-vivo
appreach for expansion of human umbilical cord
plood CD123+ gells significantly anrlehes tho
GD34+/CD3IB- fraction

H. Galski, |, Bar, A. Naglor

Chaim Sheba Medical Canter (Tel Hashomer, IL)

Introduction; Whilo umbilical cord blood (UGB) i$ an attractive
sourae for transplantatlen, major disadvantaga is its relative low
nurnber of hematapolatic stern cells (HSCs), One approach thus
Involves axsvivo a¥pansion of UCB-derved HSCa. Mawaver,

ihe curramt expansion progesses are laborious, expensive and
providing unwanted differentialed sub-populations, AIMES,
As the ABC transporter Pgp (gene product of ABCEY) is ovar-
axpressed In varlous stem cells relativoly to thelr differantiated
progany, wa reasened that higher Pgp activity in CD133+ HSCs
would protect them from tha antl-proliferative effect of tho Pgp
substrate colehicine (COL) and thus could be applicablo to thelr
selaction and enrichment.

Matheds: To this end, we isolated CD133+ HSCs from UCBE by
GD133-mmunomagnetic separation (MACS). Pgp-oxpressian
level was measured by flow cylomatry using tha Pgp-antibedies
MRK-18, and its activily was measurad by efflux assay of the
Pgp-substrate Rn123. We lurther analyzed the relative distribu-
tion of various CD133+ subsets during 8 weeks of standard
prasedure of thelr expansion, in tho absonce or tha presence
of COL.

Rasults: Analysss of freshly isolated CD133+ H8Cs indicatad
that 92% of CD133+ cells oxpross functional Pap on the eall
surface. Al 8 weeks of oxpansion, the CO{33+ cell number
increased from 105 calls to 0,5640.19 x10% and 1.60£0.41 »10°
in tha absance and the presence of COL, respoctively (2.9
0.5 fold Ingrease, n=6), The long expasura of CO133+ MSGCs to
COL at the expansion process did not affoct their ability 1o form
various hematopeietic colonies in somisolld euliure after COL
removal (Table 1), Furthermore, FACS analyses indicated that
ex-vivo expansion in tha prasanca of COL preferentially enrich
the CD133+/Pgp* subsat and specifically the CD34+/CD38-
H&Cs (Figural),

Conclusion: We established a noval expansion approach that
specifically enriches the CD133+/CD34+/CD3B- fraction of
LUCB-derived H5Cs.
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Clinical expanslon of card bicod derived T-cails for use
as donor lymphocyte infusion after cord blood
teanaplantation

M, Okas, J. Geriow, O, Ringdén, J. Maitsson, M, Uhlin
Karofinska Institutet (Stockholm, SE)

Background: Whan no HLAsidentical doner is available, cord
tilvod transplantatian {CBT) is an altraclive oplion due to the
rapid avallability of the graft and Its bidlegioal properties. One
of the disadvantages associated with C8T is lack of possibility
for donor lymphagyte infusion (DLI) after CBT. Here we report
sxpansion and characlerizallon of €03 positiva lymphocytes
from CB grafts in capnection to CBT,

Material and Mathods: Lymphacyles from 13 CB grafls wers
expandad with COJ/CD28 heads and 200 1Uimi rIL2. Bxpanded
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