Human ADSCs support hematopoiesis better than human BMSCs

299

Fig. 2 Intra-bone Marrow
Transplantation of human
MSCs. Human (hu) BMSCs
(1 x 10° cells), hu ADSCs
(1 x 107 cells) or RPMI 1640 control
(control) were injected into the
right tibiae of irradiated

(3.0 Gy) 6- to 8-week-old NOD/
SCID mice (one mouse per each
MSC). All mice were humanely
killed 5 weeks after injection,
and the tibiae and major organs
were excised for histological
evaluation. a Representative
gross morphology (upper panel)
and microscopic histology
(lower panel x20; inset x40) of
heart, lung, liver, kidney, and
spleen from control, BMSC-
and ADSC-treated mice.

b Representative microscopic
histology of the BM stained
with H&E stain (x10). Inset
BM cellularity in mice that had
received human BMSCs or
ADSCs (x60). The cavities into
which the 31-gauge needle had
been inserted were filled with
red blood cells (arrowheads).
For quantitative analysis of BM
cellularity, 4 fields were
randomly selected and the
number of nucleated cells was
scored under a microscope. The
mean nucleated cells per

field £ SD is shown for each
group. Statistical significance:
*P < 0.05
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administration of 1 x 10° cells/kg body weight might be
insufficient to restore a functional hematopoietic microen-
vironment. According to our recent findings, 1 x 10°
ADSCs per mouse (about 25 g in weight) were required to
facilitate hematopoiesis [13], which would be equivalent to
4 x 10° ADSCs per kilogram for adult humans. These data
suggest that large quantities of infused cells are required for
treatment. Thus, the rapid expansion capacity of ADSCs
will also be advantageous for their clinical exploitation.
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We observed no evidence of human ADSC-induced
toxicity either during or after treatment. Histological
evaluation 5 weeks after injection showed neither gross
morphological nor microscopic changes in major organs of
mice that received human ADSCs, which are sometimes a
clue to the presence of latent adverse effects [22] (Fig. 2a).
It has been reported that MSCs that persist in vivo may be
tumorigenic [23]. However, we found that human ADSCs
alone formed no colonies in semi-solid cultures (not
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shown) and no tumors in vivo (Fig. 2). These data indicate
the clinical safety of human ADSCs.

In summary, these data provide an important step in the
regeneration of a perturbed hematopoietic microenviron-
ment by ADSCs in a clinical setting.
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A case of leukemia escape from an HLA-specific cytotoxic T lymphocyte (CTL) response in a recipient of
bone marrow transplantation is presented. Only the expression of HLA-B51, which was a mismatched
HLA locus in the graft-versus-host direction, was down-regulated in post-transplant leukemia blasts
compared with that in pre-transplant blasts. All CTL clones, that were isolated from the recipient’s blood
when acute graft-versus-host disease developed, recognized the mismatched B*51:01 molecule in a pep-

Keywords: N tide-dependent manner. The pre-transplant leukemia blasts were lysed by CTL clones, whereas the post-
ngtoxxc"r lymphocyte transplant leukemia blasts were not lysed by any CTL clones. The IFN-y ELISPOT assay revealed that

B*51:01-reactive T lymphocytes accounted for the majority of the total alloreactive T lymphocytes in
the blood just before leukemia relapse. These data suggest that immune escape of leukemia blasts from
CTL pressure toward a certain HLA molecule can lead to clinical relapse after bone marrow

Immune escape

transplantation.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) is
curative for leukemia by virtue of the immune reaction mediated
by donor T lymphocytes, termed the graft-versus-leukemia (GVL)
effect [1]. For HSCT recipients from HLA-matched donors, the
GVL effect can be triggered by minor histocompatibility antigens
[2-4], and several studies using sequential flow cytometric analy-
sis with tetramers have clearly demonstrated that minor histocom-
patibility antigen-specific T lymphocytes increase in frequency in
the recipient’s blood before and during clinical regression of leuke-
mia [5-10]. On the other hand, for HLA-mismatched HSCT recipi-
ents, extremely limited biological studies have demonstrated that
the GVL effect can be mediated by mismatched HLA-specific donor
T lymphocytes [11].

Allogeneic HSCT is a well-established immunotherapy for
leukemia, but, unfortunately, some recipients relapse after trans-
plantation. It is difficult to evaluate the role of individual factors
in relapse. Nevertheless, it is reasonable to assume that the selec-
tive pressure exerted by donor T lymphocytes can lead to the
outgrowth of pre-existing leukemia variants that have lost expres-
sion of gene products such as HLA molecules. Some studies have
demonstrated loss of the mismatched HLA haplotype in the

* Corresponding author. Fax: +81 52 744 2157.
E-mail address: mmurata@med.nagoya-u.ac.jp (M. Murata).
! These authors contributed equally.
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leukemia blasts of HSCT recipients as a consequence of loss of het-
erozygosity in chromosome 6 [12-14]. However, the mechanisms
involved in leukemia relapse after HLA locus-mismatched HSCT
remain largely uninvestigated.

This paper presents a case of selective HLA down-regulation in
post-transplant leukemia blasts but not in pre-transplant blasts of
a recipient who received bone marrow transplantation from an
HLA one locus-mismatched donor. All cytotoxic T lymphocyte
(CTL) clones that were isolated from the recipient’s blood during
acute graft-versus-host disease (GVHD) demonstrated cytotoxicity
specific for the mismatched HLA-B molecule, lysed pre-transplant
blasts but not post-transplant blasts, and persisted in the patient’s
blood until leukemia relapse. These results suggest that immune
escape of leukemia blasts from CTL pressure toward a certain
HLA allele can lead to clinical relapse.

2. Patient, materials and methods
2.1. Patient

A 24-year-old man with primary refractory T lymphoblastic
leukemia/lymphoma received allogeneic bone marrow transplan-
tation without ex vivo T lymphocyte depletion from his mother.
Because the patient had neither a sibling nor an HLA-matched
unrelated donor, his mother was chosen as an alternative
donor. PCR sequencing-based typing for HLA alleles of the
patient and mother revealed one HLA-B allele mismatch in
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Table 1
HLA types of the patient and donor.
A B C DRB1 DQB1 DPB1
Patient 1101/2402 5401/5101 0102/— 0901/— 0303/— 0501/-
Donor 1101/2402 5401/5201 0102/1202 0901/1502 0303/0601 0501/-

The mismatched HLA allele in the graft-versus-host direction is underlined.

the graft-versus-host direction (Table 1). The preparative regimen
consisted of 180 mg/m? melphalan and 12 Gy total body irradia-
tion. GVHD prophylaxis consisted of 0.03 mg/kg tacrolimus and
short-term methotrexate. Neutrophil engraftment (neutrophil
count >0.5 x 10°/1) was achieved 14 days after transplantation
with full donor-type chimera. The patient developed severe acute
GVHD involving the skin, gut, and liver on day 46 (maximum stage:
skin 3, gut 2, and liver 1; maximum grade: Ill on day 53), evaluated
according to previously published criteria [15]. Acute GVHD was
temporarily controlled by additional immunosuppressants, but it
was incurable and transitioned to chronic GVHD. On day 261, the
patient relapsed with ascites, a hydrocele, and a subpapillary tu-
mor. Leukemia blasts in the ascites fluid were confirmed by cyto-
logical examination. Immunosuppressant therapy was required
to control GVHD until his death on day 279.

2.2. Cell culture

CTL clones were isolated from a blood sample as described pre-
viously [16]. Briefly, peripheral blood mononuclear cells (PBMCs)
obtained from the recipient on day 56, when severe acute GVHD
developed, were stimulated in vitro with aliquots of y-irradiated
PBMCs that had been obtained from the recipient pre-transplant
and cryopreserved. After three weekly stimulations, the CTL clones
were isolated from the polyclonal T lymphocyte culture by limiting
dilution. The CTLs were expanded by stimulation every 14 days
with 30 ng/ml OKT3 monoclonal antibody (Janssen Pharmaceuti-
cal), using unrelated allogeneic y-irradiated (25 Gy) PBMCs and
y-irradiated (75 Gy) EB virus-transformed lymphoblastoid cells
(B-LCL) as feeder cells. The culture medium consisted of RPMI-
1640-HEPES (Sigma-Aldrich) containing 10% pooled, heat-inacti-
vated human serum, and recombinant human IL-2 (R&D Systems).
The T lymphocytes were used in assays 14 days after stimulation or
1 day after thawing of a frozen aliquot. All samples were collected
after written informed consent had been obtained. B-LCLs were
maintained in RPMI-1640-HEPES with 10% FBS. COS cells were
maintained in DMEM (Sigma-Aldrich) with 10% FBS.

2.3. Flow cytometric analysis

Leukemia blasts were incubated at 37 °C for 30 min with anti-
HLA-A24/A23 (One lambda), anti-HLA-A11/A1/A26 (One lambda),
and anti-HLA-B51/B52/B49/B56 (One lambda) antibodies to de-
tect A24, A11, and B51, respectively, of patient cells followed
by incubation at 37°C for 15 min with fluorescein isothiocya-
nate-conjugated antimouse IgM (Beckman Coulter). To detect
HLA-DR9 of patient cells, leukemia blasts were incubated at
37°C for 30min with fluorescein isothiocyanate-conjugated
anti-HLA-DR antibody (BD Pharmingen). Antibody to detect
HLA-B54 without cross-reaction to B51 was not available. After
washing, the cells were analyzed by a BD FACSAria (BD Biosci-
ences). Leukemia blasts were sorted by BD FACSAria with anti-
CD7 (BD Biosciences) and anti-CD10 (eBiosciences) antibodies
from pre-transplant bone marrow and post-transplant ascites
fluid samples. The purities of pre-transplant and post-transplant
blasts were ~62% and ~99%, respectively. CTL clones were ana-
lyzed using three-color flow cytometry for expression of CD3,
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CD4, and CD8 using phycoerythrin-cyanin 5.1-conjugated anti-
CD3 (Beckman Coulter), phycoerythrin-conjugated anti-CD4 (BD
Biosciences), and fluorescein isothiocyanate-conjugated anti-CD8
(BD Biosciences) antibodies.

2.4. Chromium release assay

Leukemia blasts and B-LCLs were used as target cells in a cyto-
toxicity assay. Leukemia blasts and B-LCLs were labeled for 2 h
with °!Cr. After washing, the cells were dispensed at
2 x 10% cells/well into triplicate cultures in 96-well plates and
incubated for 4 h at 37 °C with CTL clones at various E:T ratios. Per-
cent-specific lysis was calculated as [(experimental cpm - sponta-
neous cpm)/(maximum cpm - spontaneous cpm)] x100.

2.5. Determination of T cell receptor (TCR)-V gene usage and
nucleotide sequences

TCR VP usage was assessed by RT-PCR using primers covering
the entire families of functional TCR VB chains [17-19]. Briefly, to-
tal RNA was extracted from individual CTL clones, and cDNA was
synthesized using SuperScript III RT (Invitrogen). RT-PCR reactions
were carried out with the appropriate VB sense primers specific for
different VP families and a primer specific for the constant region
of TCR-B. Subsequently, the complementarity determining region
3(CDR3) of each positive PCR product was sequenced with corre-
sponding antisense primer. TCR VB gene usage was determined
by the international ImMunoGeneTics information system (IMGT)
software, IMGT/V-QUEST (http://www.imgt.org/).

2.6. HLA-B cDNA constructs

Total RNA was extracted from the patient and donor B-LCLs and
converted into cDNA. Constructs containing the full-length HLA-
B*51:01, B*52:01, and B*54:01 cDNA were generated from the cDNA
by PCR and cloned into the pEAK10 expression vector (Edge Bio-
Systems). Two mutated HLA-B*51:01 ¢cDNA constructs, in which
amino acid at position 63 or 67 was substituted with the corre-
sponding amino acid in B*52:01, and two more mutated HLA-
B*51:01 cDNA constructs, in which the amino acid at position
194 or 199 was substituted with the corresponding amino acid
in B*44:03, were produced using the QuikChange Site-Directed
Mutagenesis Kit (Stratagene).

2.7. Transfection of B-LCLs and COS cells with HLA cDNA

B-LCL (5 x 10%) were transfected by electroporation (200V,
500 pFD) in 200 pul of potassium-PBS with the 15 pg of pEAK10
plasmid encoding HLA-B*51:01 ¢cDNA and selected with puromycin
(Edge BioSystems), beginning 48 h after transfection. Three days
after selection, they were used as targets in a chromium release as-
say. COS cells (5 x 10%) were plated in individual wells of 96-well
flat-bottom plates and transfected with 100 ng of the pEAK10
plasmid encoding HLA-B*51:01, HLA-B*52:01, HLA-B*54:01, or
mutated HLA-B*51:01 cDNA using the FuGENE 6 Transfection
Reagent (Roche).
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2.8. CTL stimulation assay

COS transfectants (5 x 10%) were cocultured with CTL clones
(2 x 10%) in individual wells of 96-well flat-bottom plates for
24 h at 37 °C, and IFN-vy production was measured in the superna-
tant using ELISA (Endogen).

2.9. Enzyme-linked immunospot (ELISPOT) assay

T lymphocytes were isolated from recipient’s PBMCs by nega-
tive depletion using the Pan T Cell Isolation Kit II (Miltenyi Biotec)
and used as responder T cells. Responder T cells at a concentration
of 2 x 10° per well were plated in individual wells of the 96-well
MultiScreen-IP filter plates (Millipore) coated with anti-human
interferon (IFN)-y antibody (5 pg/ml; Mabtech) and tested in trip-
licate against a total of 2 x 10° stimulator cells: patient B-LCL, do-
nor B-LCL, and HLA-B*51:01-transfected donor B-LCL. The plates
were incubated for 24 h at 37°C, washed, and incubated with bio-
tinylated anti-human IFN-y antibody (1 pg/ml; Mabtech) for 2 h at
room temperature. After addition of streptavidin (Fitzgerald Indus-
tries International) to the wells, the plates were developed with a
3-amino-9-ethylcarbazol substrate kit (Vector Laboratories). Spots
were counted using a microscope, and mean numbers were calcu-
lated from triplicate wells after subtraction of the number of spots
obtained with medium alone.

3. Results

3.1. Selective down-regulation of HLA-B locus in post-transplant
leukemia blasts

To determine whether expressions of some HLA loci in post-
transplant relapsed leukemia blasts were down-regulated or lost,
flow cytometric analysis was performed for HLA-A*24:02,
A*11:01, B*51:01, and DR*09:01 using anti-HLA-A24/A23, -HLA-
A11/A1/A26, -HLA-B51/B52/B49/B56, and -pan HLA-DR antibodies,
respectively. The expression of B*51:01 was down-regulated in
post-transplant leukemia blasts compared with that in pre-trans-
plant blasts, whereas expressions of A"24:02, A*11:01, and
DR*09:01 were the same or higher in post-transplant blasts than
in pre-transplant blasts (Fig. 1). These data led us to question
whether B*51:01-selective pressure mediated by donor T lympho-
cytes was present in the patient post-transplant.

Table 2
Clonotypes of isolated CTL clones.

3.2. Isolation of alloreactive CTL clones

Ten CTL clones, termed TK1 to TK10, were isolated from the
peripheral blood of the recipient during acute GVHD. In a cytotox-
icity assay, all isolated clones lysed recipient B-LCL but failed to
lyse donor B-LCL (Fig. 2), demonstrating that all clones were
alloreactive. Flow cytometric analysis revealed that all CTL clones

Abused AWVAZI AIVAY BSVBSY PanDR

A2 BAWBSe
A2d0z ATt B'S101 DRBY
G901

Corresponding
HLA gliele

Pre-transpiant
blast

5

Post-tranaplant
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Fig. 1. HLA expression on leukemia blasts. Pre-transplant and post-transplant
leukemia blasts were stained with anti-HLA-A24/A23, anti-HLA-A11/A1/A26, anti-
HLA-B51/B52/B49/B56, and anti-HLA-pan DR antibodies to detect A*24:02, A*11:01,
B*51:01, and DRB1709:01, respectively. Data are representative of four experiments.
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Fig. 2. Cytotoxicities of CTL clones against B-LCLs. B-LCLs that originated from the
recipient (gray) and the donor (black) were used as targets for CTL clones. Specific
lysis is shown as the mean and SD of triplicate cultures at an E:T ratio of 10:1.
*Significant difference (p < 0.0001: Student’s t-test) in the lysis of recipient B-LCL
compared with donor B-LCL. Data are representative of three experiments.

CTL TCR VB Nucleotide and deduced amino acid sequences of complementarity determining region 3
TK1 VB6.5 GCC AGC AGT CcCcC GGG ACT AGC GGA ACC TAC © GAG CAG TAC TTC
A S S P G T S G Y E Q Y F
TK2 VB20 AGT CAG GGG CCG GCG GTT ACC GGG GAG CIG TIT TIT
S Q G P A \ T G L F F
TK3 Vg20 AGT CAG GGG CCG GCG GIT  ACC GGG  GAG CTIG  TIT TIT
S Q G P A \% T G L F F
TK4 Vg19*1 GCC AGT ACT TGG GGT TAC CCA CAG GGG CCC GGT GG GAT ACC GGG GAG CIG TIT TIT
A S T W G Y P Q P G A D T G E L F F
TK5 VB19*1 GCC  AGT ACT TGG GGT TAC CCA CAG GGG  CCC GGT GCG GAT ACC GGG GAG (CIG  TIT TIT
A S T W G Y P Q P G A D T G E L F F
TK6 Vp12 GCC AGC AGT TTA GCT AGC GGG AGG GCC TCC CAT GAG CAG TIC TIC
A S S L A S G R S H E Q F F
TK7 VB12 GCC AGC AGT TTA GCT AGC GGG AGG GCC  TCC CAT GAG CAG TIC TIC
A S S L A S G R S H E Q F F
TKS8 ND
TK9 Vpi2 GCC AGC AGT TIA GCT AGC GGG AGG GCC TCC CAT GAG CAG TIC TIC
A S S L A S G R S H E Q F F
TK10 VB2 GCC  AGC AGT GAC TCT ATC GCG  GAT GAG CAG TIC TIC
A S S D S I A D Q F F

ND, not detected.
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Fig. 3. Recognition of the HLA-B*51:01 molecule by CTLs. (A) COS cells were
transfected with a plasmid encoding B*51:01 cDNA, B*52:01 cDNA, B*54:01 ¢cDNA, or
no ¢DNA cocultured with CTL clones, and IFN-y production was measured in the
supernatant using ELISA. Data are the means and SD of triplicate determinations.
*Significant difference (p < 0.01: Student’s t-test) in the [FN-y production stimulated
by B*52:01 cDNA, B*54:01 cDNA or no cDNA compared with B*51:01 cDNA. Data are
representative of three experiments. (B) Recipient B-LCL (square), donor B-LCL
(circle), and donor B-LCL transfected with HLA-B*51:01 cDNA (triangle) were used as
targets for CTL clones. Specific lysis is shown as the mean and SD of triplicate
cultures at various E:T ratios. Significant difference (*p < 0.01; **p < 0.05) in the lysis
of B*51:01-transfected donor B-LCL compared with donor B-LCL (negative control).
Data are representative of three experiments.

were CD3+/CD4—/CD8+ (data not shown). The nucleotide
sequences of the uniquely rearranged TCR VB gene of each clone
were determined by direct DNA sequencing of the amplified PCR
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products of TCR (Table 2). The TK2 and TK3 clones had the same
nucleotide sequences in the CDR3 regions of their TCR V20,
suggesting that these CTLs originated from a single clone. Similarly,
TK4 and TK5, as well as TK6, TK7, and TK9, had the same nucleotide
sequences in the CDR3 regions of their TCR VB19*1 and VP12,
respectively, suggesting that each group also originated from a
single clone. Thus, the 10 isolated alloreactive CTL clones appeared
to have been derived from six independent clones.

3.3. CTL clones recognized the HLA-B*51:01 molecule

To evaluate the possibility that isolated CTL clones recognize
the HLA-B*51:01 molecule, COS cells were first transfected with
an HLA-B*51:01, —B*52:01, or —B*54:01 cDNA construct, COS trans-
fectants were cocultured with six independent CTL clones, and
then the production of IFN-y in the supernatant was measured.
The COS cells transfected with HLA-B*51:01 clearly stimulated
[FN-y production by six independent CTL clones, whereas neither
B*52:01 nor B*54:01 stimulated them (Fig. 3A). Then, donor B-LCL
were transfected with an HLA-B*51:01 cDNA construct and used
as target cells in a cytotoxicity assay. The donor B-LCL transfected
with HLA-B*51:01 were lysed by six CTL clones (Fig. 3B), indicating
that all clones recognized the mismatched HLA-B*51:01 molecule
as an alloantigen. On the other hand, these data suggest that the
CTL response toward the HLA-B*51:01 molecule accounted for
the majority of the recipient’s CTL alloresponse during acute
GVHD.

3.4. Recognition of HLA molecules by CTL clones was peptide-
dependent

Various forms of T lymphocyte recognition of the allogeneic
major histocompatibility antigen, ranging from peptide-dependent
to peptide-independent, have been demonstrated [20]. To confirm
peptide dependency in CTL recognition, examinations were fo-
cused on the difference in the amino acid sequences of the recipi-
ent B*51:01 and the donor B*52:01. They differed in two amino
acids at positions 63 and 67 (Fig. 4A), which constitute peptide
binding pockets A andfor B [21,22]. In particular, B-pocket has a
critical role in peptide binding to HLA-B*51:01 molecules [23],
and substitution of a single amino acid constituting peptide bind-
ing pocket can affect peptide binding [24]. Two mutated B*51:01
cDNA constructs, B*51:01-Asn63Glu and B*51:01-Phe67Ser, in which
individual amino acids were substituted with the corresponding
amino acid in B*52:01 (Fig. 4A), were generated, as well as two
more mutated B*51:01 cDNA constructs, B*51:01-Val194lle and
B*51:01-Ala199Val, in which individual amino acids exist in
B*44:02 and other B alleles and localize outside the positions con-
stituting peptide binding pockets. COS cells were then transfected
with each wild or mutated cDNA construct and examined in the
CTL stimulation assay. [FN-y production of the TK3 clone was sig-
nificantly decreased when stimulated by the B*51:01-Phe67Ser mu-
tant in comparison with the wild-type B*51:01 construct (Fig. 4B).
[FN-y production of all other CTL clones, TK1, TKS, TK6, TKS8, and
TK10, was significantly decreased when stimulated by B*51:01-
Asn63Glu and B*51:01-Phe67Ser mutants in comparison with the
wild-type B*51:01 construct (Fig. 4B). However, both B*51:01-Va-
[194lle and B*51:01-Ala199Val mutants stimulated all CTL clones
to the same degree as the wild-type B*51:01 construct. Thus, these
data suggest that recognition of the HLA-B*51:01 molecule by CTL
clones was peptide-dependent.

Furthermore, CTL clones should recognize certain peptides
other than leukemia antigens, presented by HLA-B*51:01 mole-
cules, because B*51:01-transfected COS cells, which are derived
from monkey kidney cells, stimulated IFN-y production of CTLs
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(Fig. 3A), and B*51:01-transfected donor B-LCL, which are derived
from B lymphocytes, were lysed by CTLs (Fig. 3B).

3.5. Leukemia blasts escaped from immunological pressure by HLA-B-
specific CTLs

Whether the leukemia blasts escaped from the cytotoxicity of
HLA-B*51:01-specific CTL clones was then examined. Pre-trans-
plant and post-transplant leukemia blasts were purified by fluores-
cence-activated cell sorter (purity, ~62% and ~99%, respectively),
and a cytotoxicity assay was performed only for the TK1 CTL clone
because of the limited number of cryopreserved blasts. Weak but
clear lysis of pre-transplant leukemia blasts by the TK1 CTL clone
was observed, whereas post-transplant leukemia blasts were not
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lysed (Fig. 5A). All other CTL clones (TK3, TK5, TK6, TKS8, and
TK10) also did not lyse post-transplant leukemia blasts (Fig. 5B).

In addition, whether HLA-B*51:01-specific CTL pressure per-
sisted until leukemia relapse was examined. The IFN-y ELISPOT as-
say was performed to detect HLA-B*51:01-reactive CTLs in patient
blood on day 232, 1 month before clinical leukemia relapse (Fig. 6).
IEN-y-producing B*51:01-reactive T lymphocytes were detected at
a level nearly equal to the level of recipient B-LCL-reactive CTLs,
that is, the total CTL alloresponse.

4. Discussion

The mechanism of leukemia relapse in this recipient can be
explained as follows. CTLs specific for HLA-B*51:01 molecule/
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were used as targets for CTL clones. Specific lysis is shown as the mean and SD of
triplicate cultures at various E:T ratios. Data are representative of three experi-
ments. There was no significant difference in the lysis of the post-transplant
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non-leukemia peptide complex were generated in the recipient
blood during acute GVHD, and these CTLs continued to produce
immunological pressure on leukemia blasts for at least 8 months
after transplantation, but B*51:01-down-regulated leukemia blasts
escaped from the pressure of B*51:01-specific CTLs, and then the
leukemia clinically relapsed.
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HLA-B*51:01-transfected donor B-LCL. Data are representative of three experiments.
(B) The frequency of CTLs in T lymphocytes recognizing the HLA-B*51:01 molecule
was measured by IFN-y ELISPOT analysis. The frequency of IFN-y-producing cells is
shown against recipient B-LCL (black), donor B-LCL (white), and HLA-B*51:
O1-transfected donor B-LCL (gray). Data are the means and SD of triplicate
determinations. *p = 0.0057; **p = 0.0077; ***p = 0.090 (Student’s t-test). Data are
representative of three experiments.

CTLs recognizing mismatched HLA molecules play an important
role in the immune reaction after HLA-mismatched HSCT, includ-
ing graft rejection [25-27], GVHD [28], and the GVL effect [11].
In this study, the mismatched HLA-B*51:01-specific CTLs could
participate both in GVHD and the GVL effect in the recipient. Ten
CTL clones were isolated from the recipient’s blood just after the
onset of grade III acute GVHD involving skin, gut, and liver, and
all clones demonstrated HLA-B*51:01-specific cytotoxicity in a
non-leukemia peptide-dependent manner (Fig. 3 and 4). The pa-
tient was suffering from GVHD until his death on day 279, and in
the ELISPOT assay for T lymphocytes obtained from recipient blood
on day 232, HLA-B*51:01-reactive T lymphocytes accounted for the
majority of alloreactive T lymphocytes (Fig. 6). Meanwhile, weak
but clear lysis of pre-transplant leukemia blasts by an HLA-
B*51:01-specific CTL clone was confirmed (Fig. 5A), and the pri-
mary refractory T lymphoblastic leukemia/lymphoma was in
remission until day 261. These data are consistent with participa-
tion of the recipient HLA-B locus-specific CTLs both in GVHD and
the GVL effect.

Selective HLA down-regulation was seen in this patient's post-
transplant leukemia blasts. Mechanisms that alter HLA class |
expression have been investigated and summarized as follows
[29]: (1) loss of heterozygosity in chromosome 6 and/or 15, in
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which class I heavy chain or B,-microglobulin genes are located
[30,31]; (2) mutations in these genes [32]; and (3) down-regula-
tion of the antigen processing machinery, including transporter
associated with antigen processing and low-molecular-weight pro-
tein genes [33]. Ten HLA-B cDNAs were cloned from purified post-
transplant leukemia blasts (purity, ~99%) by RT-PCR; 5 (50%)
clones were identical to the canonical B*51:01 ¢cDNA sequence,
and the others (50%) were identical to the canonical B*54:01 cDNA
sequence, which was another recipient B allele (data not shown).
These data suggest that down-regulation of HLA-B*51:01 expres-
sion in the post-transplant leukemia blasts resulted from mecha-
nisms other than loss of heterozygosity of B locus and mutation
of the B*51:01 gene itself, although the entire sequence of
B*51:01 DNA including introns has not been determined. Recently,
hypermethylation of the HLA-class I gene promoter regions has
been identified as a mechanism for transcriptional inactivation of
HLA class I genes in esophageal squamous cell carcinoma lesions
[34]. We analyzed B*51:01 promoter methylation by pyrosequenc-
ing of bisulfite-treated DNA from purified post-transplant leuke-
mia blasts and confirmed no hypermethylation of the B*51:01
gene (data not shown). Other possible mechanisms are down-reg-
ulation of translation and post-translational modification of the
B*51:01 gene, although, to the best of our knowledge, these mech-
anisms have not yet been investigated for HLA-class [ genes. Fur-
ther analysis is required.

The change in expression in HLA-A*11:01 between pre-trans-
plant and post-transplant leukemia blasts was of similar magni-
tude, but in the opposite direction, to that observed for B*51:01.
Because the expression of HLA-A11 on target cells can protect
them from lysis by KIR3DL2-positive NK cells [35], the possibility
that the post-transplant blasts with high expression of HLA-A11
were resistant to NK cell-mediated cytotoxicity, resulting in leuke-
mia relapse, cannot be ruled out.

A question left unresolved is whether the present observation is
unique to this recipient or can be duplicated in additional recipi-
ents who receive HLA one locus-mismatched HSCT. However, the
present findings can explain, at least in part, the mechanism of
how leukemia relapse occurs during persistent GVHD after HSCT.
Another question is whether the present observation is unique to
T lymphoblastic leukemia/lymphoma, which is a relatively rare
subset of acute leukemia in adults. The relevance of this finding
to other leukemias, including B lymphoblastic leukemia/lym-
phoma and myeloid malignancies, should be confirmed. Further ef-
forts to identify the peptides that are presented by HLA-B*51:01
molecules and recognized by isolated CTL clones should help to
elucidate the precise mechanisms of leukemia escape.

In conclusion, immune escape of leukemia blasts from CTL pres-
sure toward a mismatched HLA molecule/non-leukemia peptide
complex may lead to clinical leukemia relapse.
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Adoptive Immunotherapy for Virus Infection after Allogeneic Hematopoietic
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Summaeary Viral infection has remained one of the primary factors causing morbidity and mortality
after allogeneic hematopoietic stem cell transplantation (HSCT). The reconstitution of virus-specific T
cells is considered to be indispensable to control viral infection after allogeneic HSCT. Although donor
lymphocyte infusion (DLI) might improve viral infection, there is a possibility that DLI causes graft-
versus-host disease (GVHD) and marrow suppression. Virus-specific T cells have been expected to
cure persistent viral infection without GVHD, and clinical trials have shown the safety and efficacy of
adoptive transfer of virus-specific T cells for prophylaxis and treatment of viral infections such as
cytomegalovirus and Epstein-Barr virus. However, the number of patients who received adoptive
immunotherapy has been limited, because time and special institutions are required to generate virus-
specific T cells. In Western countries, Cell Banks have been established so that virus-specific T cells are
available off the shelf.
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F—1) > %Bk#ETE (donor lymphocyte infusion : DLI)
DOEFEPTRE ENY. FF—HRY) Y53k, R
BRI CUEERGICEE2BRE2E2LT0WA
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llogeneic peripheral blood stem cell (PBSC) donors shouls
Harvest for their safety. Consequen

quentl

essential to establish a safety system for PBSC harvest in

Introduction

outpatient clinics. Taking these trends into consideration, we
conducted a survey in combination with the allogeneic PBSC
Donor Follow-up System by JSHCT.

According to the Japan Society for Hematopoietic Cell
Transplantation (JSHCT) guidelines, donors for allogeneic
peripheral blood stem cell transplantation (PBSCT) in Japan

have been hospitalized for approximately one week from the
P PP Y Materials and Methods

start of granulocyte-colony stimulating factor (G-CSF) to the

end of apheresis to ensure their safety. As a result, the
donors’ hospitalization is prolonged and it increases their
burden. In contrast, outpatient administration of G-CSF and
apheresis has been common in other countries."” Since

starting unrelated PBSC in Japan in 2010, it has become

Outpatient PBSC harvest

A total number of 3,264 donors from 237 institutes were
registered in the Donor Registry Center from April 1, 2000 to
March 31, 2005. Among them, 2,882 donors’ day 0 reports
of past donations were collected by September 30, 2006. The
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duration of hospitalization was 0 in 72 donors (2.2% of all
registered donors) from 25 institutes (11% of all registered
institutes), which were subjected to further study (Fig. 1A:
Additional

questionnaires were sent to these institutes to collect more

The institutes of outpatient harvest).

information (Suppl. 1). The questions included 1) reasons for
outpatient harvest, 2) dosage and administration of G-CSF, 3)
adverse events (AEs) of G-CSF, 4) treatments against the
AEs, 5) days and locations of the PBSC harvest and 6)
opinions from donors and doctors about outpatient harvest.
We received 62 replies (response rate: 86%) from 23

institutes.

Control data

To compare the results, we sent controlled questionnaires
(Suppl. 2) to institutes in which all the procedures were
performed on an inpatient basis. In order to distribute
roughly evenly to the outpatient institutes, we divided Japan
into 8 regions and selected 4 to 5 institutes from each by
order of the number of harvests. Out of 38, 31 institutions
which experienced 1,443 PBSC harvests replied to the
questionnaire (collection rate: 82%) (Fig. 1B: The institutes
of inpatient harvest). The questions differed between the two
groups. As mentioned above, the questionnaire to the
institutes performing outpatient harvest included questions
about each donor, while to those performing inpatient
harvests, involved questions to obtain opinions about
outpatient harvest. This questionnaire included the actual
status of PBSC apheresis in the hospital, especially the
administration of G-CSF such as duration, dosage and AEs.
It also asked how to deal with harvesting if outpatient harvest

becomes common in Japan.

Results

The results of the questionnaire for the outpatient cases are
listed in Table 1. The median age of the 62 donors whose
PBSCs were harvested in outpatient settings was 35 years
old, and there were 27 male and 35 female donors. There
were many reasons for outpatient harvest. The most common
reason for avoiding hospitalization was the donors’
preference, which was mainly due to working schedules and
schoolwork. The next most common was inconvenience for
the institutes. In some pediatric cases, the patient’s parent
became the PBSC donor. He/she stayed in the hospital the
entire day to take care of his/her child; however, the donor in
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this case was recognized to be different from an inpatient.
G-CSF was administered to outpatient donors by their
personal physicians and none was administered to another
neighboring clinic. Although the duration of G-CSF
administration ranged from 4 to 6 days, and was the same
between outpatient and inpatient cases, the number of G-CSF
administrations in a day was 1 in almost all outpatient donors.
On the other hand, half of the inpatient donors were
administered G-CSF twice a day. Sixteen donors experienced
21 adverse events (AEs) of G-CSF, 12 of which were bone
pain (lumbago, back pain), 4 were general fatigue, 3 were
fever, 1 was sleeplessness and 1 was splenomegaly, but all
were treated by their personal physicians, not at other
neighboring medical facilities. All donors except one had
their PBSC harvested in their doctors’ outpatient clinic. It
took one or two days for most donors (88%) to harvest but it
was reported that only one donor needed five days to finish
the harvest. Ten AEs associated with PBSC harvest were
reported: 5 numbness of the limbs, 2 thrombocytopenia, 2
nausea and 1 citrate intoxication. None were serious enough
to be hospitalized. More than half of the donors and doctors
reported that outpatient procedures did not have any problems
(54%, 66%, respectively). These doctors made positive
remarks such as “PBSC harvest is possible in outpatient
clinics,” “PBSC harvest is sufficient in outpatient settings,” or
“In case of donors who had experienced a previous
uncomplicated harvest, outpatient harvest was permitted.”
Others also expressed favorable opinions on outpatient
harvest like “The first three days for G-CSF injection is
available in outpatient clinic” and “Doctors should take
account of the donors’ request.” Only 2% (one case) of both
donor and doctor said “Should have admitted because of the
donor’s sensitive character.”

From the results of the questionnaire for the inpatient
institutes (Table 2), 20% of the institutes in which all the
procedures were supposedly performed on an inpatient basis
had experienced outpatient G-CSF administrations and some
asked a neighboring medical agency to inject G-CSF. Some
hospitalized donors continued to stay at home overnight
during the period of G-CSF administration. Nevertheless, all
of the PBSC harvest was performed in an inpatient setting
and at their own institutes. Seven donors or their family
members wanted their harvest series performed in an
outpatient setting, but their doctors convinced them to stay in
the hospital during the harvest. Fortunately, no donor

declined to donate because of hospitalization and 90% of the
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Table 1. Results of the questionnaire: Outpatient donors (N=62)

ltems Results

Sex Male 27
Female 35

Institutes administering G-CSF

Their own hospitals 100%
-,Schedule for G-CSF admmlstratlon (duratlon) .
f ‘:~‘4days - ¢ , : 13% :

‘5days - . 71%

6 days j . ; . 16%

Schedule for G-CSF admmlstrat:on (frequency)
Once a day 98%

Twice a day 2%
Adverse events durmg G-CSF admcmstratnon kf .
(some overlapped) : :

~ Bone pam ,

General Fatlgue

i é!ée‘plés’s‘nes}s:

: Sp!enomegaly -
Institutes harvestmg PBSC
Their own hospitals 97%

Other institutes 3%
i;s::hedulefor”ssc hamest . e

Adverse events during PBSC harvest (some overlapped)
Numbness
Thrombocytopenia

Nausea

Citrate intoxication

- N N O

Doctors’ opinion about the outpatient PBSC harvest

Outpatient was good 66%
Should have admitted 2%
No opinion 32%
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