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a b s t r a c t

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-
tide-dependent manner. The pre-transplant leukemia blasts were lysed by CTL clones, whereas the post-
transplant leukemia blasts were not lysed by any CTL clones. The IFN-c 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
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

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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the graft-versus-host direction (Table 1). The preparative regimen
consisted of 180 mg/m2 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 P0.5 � 109/l) 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: III 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 c-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 c-irradiated (25 Gy) PBMCs and
c-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 30 min 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,

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 51Cr. After washing, the cells were dispensed at
2 � 103 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)] �100.

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

TCR Vb 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 Vb 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 � 106) were transfected by electroporation (200 V,
500 lFD) in 200 ll of potassium-PBS with the 15 lg 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 � 103) 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).

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.
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