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Encephalomyelitis Mimicking Multiple Sclerosis Associated
with Chronic Graft-Versus-Host Disease after Allogeneic
Bone Marrow Transplantation
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Abstract

We describe a case of encephalomyelitis mimicking multiple sclerosis associated with chronic graft-versus-
host disease (GVHD) occurring after allogeneic bone marrow transplanation (BMT) for myelodysplastic syn-
drome. Immunosuppressive therapy, consisting of a therapeutic dose of cyclosporine A and a maintenance
dose of methylprednisolone, was effective in treating symptoms. Although central nervous system GVHD is
very rare and remains controversial, presentation of neurological symptoms after allogeneic BMT warrants

consideration of GVHD in the differential diagnosis.
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Introduction

Case Repdrt

Bone marrow transplantation (BMT) recipients are at high
risk for neurological complications, including infection,
metabolic abnormalities, drug toxicity, cerebrovascular
events, posterior reversible encephalopathy syndrome
(PRES), Epstein-Barr virus-associated lymphoproliferative
disease (EBV-LPD), and relapse of malignant disease in the
central nervous system (CNS) (1). Graft-versus-host disease
(GVHD) is a systemic complication after BMT mediated by
donor T cells targeting the skin, gastrointestinal tract, and
liver. Involvement of other organ systems has been ob-
served, but effects on the CNS are rare and controver-
sial (2). Here, we describe a case of immune-mediated en-
cepalomyelopathy mimicking MS associated with chronic
GVHD after allogeneic BMT.

In 1996, a 22-year-old woman was diagnosed with
myelodysplastic syndrome (MDS). In 2006, she became
transfusion-dependent and underwent allogeneic BMT using
donor cells from her HLA-identical brother in May 2006.
Transplant conditioning and GVHD prophylaxis consisted of
busulfan (4 mg/kg per day for 4 days) plus cyclophos-
phamide (60 mg/kg per day for 2 days) and cyclosporin A
(CyA) plus short methotrexate, respectively. Rapid engraft-
ment and sustained complete donor chimerism was
achieved. Her transplant course was uneventful and no acute
GVHD was observed until two months after transplantation.
CyA was tapered off and discontinued five months after
transplantation.

Six months after transplantation, the patient developed
pancytopenia, liver dysfunction, and oral lichen planus
(Fig. 1). Her bone marrow cells showed no dysplasia of tri-
lineage blood cells, and complete donor chimerism of bone
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Clinical course of the patient. BM: bone marrow, MRI: magnetic resonance imaging,

CSF: cerebrospinal fluid, CyA: cyclosporine A, Tx: therapy, mPSL: methylprednisolone

Figure 2. T2-weighted MRI of the brain reveals multiple
white matter lesions.

marrow cells was maintained, as determined by variable
number of tandem repeat analysis. At this time, she was di-
agnosed with chronic GVHD.

Seven months after transplantation, the patient developed
blurred vision in the right eye and was diagnosed with optic
neuritis after fundus examination revealed optic nerve head
edema (Fig. 1). However, brain magnetic resonance imaging
(MRI) did not reveal white matter lesions or optic nerve ab-
normalities at that time. She received methylprednisolone
pulse therapy (1 g/day for 3 days), but her visual acuity
gradually worsened. In addition, she gradually developed
weakness and numbness of the lower limbs, urinary reten-
tion, and blurred vision in both eyes. Her visual acuity de-
clined rapidly, finally becoming only able to observe count-
ing fingers. Brain and spinal MRI revealed muiltiple high in-
tensity lesions of white matter mainly in the right posterior
limb of the internal capsule and thalamus (Fig. 2) and in the
thoracic spine (Fig. 3). These lesions were enhanced with

Figure 3. Spinal MRI reveals a high intensity lesion of the
thoracic spinal cord.

gadolinium. Cerebrospinal fruid (CSF) was clear, with nor-
mal pressure, cell counts (3 cells/pL), and myelin basic pro-
tein levels, glucose at 64 mg/dL, total protein at 20.0 mg/
dL, IgG at 1.32 mg/dL, and an IgG index of 0.50.
Oligoclonal bands were not detected in the CSF sample. Cy-
tology of CSF revealed no evidence of malignancy and cul-
tures of CSF were negative for bacteria and fungus. CSF for
CMYV, HHV-6, EBYV, JC virus, and toxoplasma were negative
for polymerase chain reaction (PCR).

The patient was subsequently treated with CyA and meth-
ylprednisolone pulse therapy. Neurological symptoms and
white matter lesions visible by MRI improved (Fig. 4).
Other manifestations of chronic GVHD also achieved remis-
sion. However, she developed weakness and numbness of
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Figure 4. MRI of the brain after immunosuppressive ther-
apy shows improvement of white matter lesions.

the upper and lower limbs again after methylprednisolone
was tapered off, even though a therapeutic dose of CyA was
administered at that time. Spinal MRI revealed new lesions
of the cervical spine. The patient was again treated with
methylprednisolone pulse therapy, and her neurological
symptoms and radiological lesions of the cervical spine im-
proved (Fig. 1). Improved neurological symptoms remained
stable two years after transplantation, despite tapering of the
methylprednisolone dose to 0.5 mg/kg.

Discussion

Although GVHD commonly affects the skin, gastrointesti-
nal tract, liver, and hematopoietic system, recent reports
have described patients with neurologic manifestations asso-
ciated with GVHD (2-14). Animal studies support the possi-
bility of the brain being a target organ for GVHD (195),
however, CNS-GVHD remains controversial. CNS-GVHD
may be properly diagnosed only if there is no evidence of
other diseases with overlapping features and if radiographic
characteristics of CNS involvement, response to immunosup-
pressive therapy, and T cell infiltration according to histo-
logical evaluation are observed (2). In the present case,

negative evaluation for infection, multiple radiological le-
sions of the brain and spinal white matter, the development
of systemic GVHD after discontinuation of CyA, and a re-
sponse to CyA plus methylprednisolone immunosuppressive
therapy support a diagnosis of CNS-GVHD, even though we
do not have histological data.

Our patient developed optic neuritis and myelitis in sepa-
rate time courses. MRI imaging revealed multiple white
matter lesions of the brain and spinal cord. Acute dissemi-
nated encephalomyelitis (ADEM) also shows such multiple
white matter lesions and typically follows an acute mono-
phasic clinical course (16). These separate episodes of neu-
rologic symptoms and radiological findings are characteristic
of MS, which is thought to be caused by immune-mediated
demyelination. Immune-mediated myelitis after BMT is very
rare, with only three other reported cases in the English lit-
erature (8, 11, 13).

There is no consensus on treatment options for CNS-
GVHD. In most cases previously reported in the literature,
treatment consisted of high-dose methylprednisolone or
calcineurin-inhibitor (2). The present patient was first treated
with methylprednisolone alone for optic neuritis, but her vi-
sual acuity worsened and neurological symptoms caused by
myelitis emerged. After treatment with CyA plus methyl-
prednisolone as a second line therapy for chronic
GVHD (17), the neurological deficits improved. The patient
developed myelitis again after methylprednisolone was dis-
continued. Finally, after treatment with CyA plus a mainte-
nance dose of methylprednisolone, the neurological symp-
toms stabilized. This clinical course may indicate that as
with systemic GVHD in other organs, a therapeutic dose of
calcineurin inhibitor and a maintenance dose of corticoste-
roid for second line therapy are necessary for the treatment
of CNS-GVHD.

Clinically significant CNS-GVHD is rare, but the conse-
quences can be serious. A diagnosis of CNS-GVHD should
be considered in cases of neurologic symptoms after alloge-
neic BMT if there is no evidence of other diseases with
overlapping features and if radiographic characteristics of
CNS involvement and response to immunosuppressive ther-
apy are observed.
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Abstract Nasal natural killer (NK)/T cell lymphoma is a
rare disease with a poor prognosis. We report the case of a
52-year-old woman with progressive advanced nasal NK/T
cell lymphoma, with local invasiveness and bone marrow
involvement, who was successfully treated with unrelated
cord blood transplantation (UCBT). The patient was ini-
tially refractory to conventional chemotherapy. She was
therefore treated with local irradiation, which induced a
partial response. The patient then underwent UCBT using a
conditioning regimen consisting of cyclophosphamide and
total body irradiation. Acute graft-versus-host disease
involving the skin was observed, but it was well controlled
without systemic administration of corticosteroids. The
patient remained in complete remission for 18 months after
UCBT. Although the observation period has been relatively
short and longer follow-up is needed, our observations
suggest that incorporating focal irradiation to conditioning
regimen for local control might be an effective treatment
option for advanced nasal NK/T cell lymphoma in the
setting of UCBT.
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1 Introduction

Natural killer (NK)/T cell lymphoma is currently been rec-
ognized to be a distinct clinical entity [1-3]. Most cases of
NK/T cell lymphoma occur in the nasal or nasopharyngeal
region and are often characterized by progressive, destruc-
tive ulceration and necrotic granulation. Nasal NK/T cell
lymphomas are more common in Asian countries than in
Western countries [2, 4]. Localized disease has a relatively
good prognosis after combination therapy that includes anti-
cancer drug and field radiation. However, advanced NK/T
cell lymphoma is invariably fatal despite treatment with
various chemotherapies or radiotherapy [5-8].

A few studies showed that high-dose chemotherapy with
autologous or allogeneic stem cell rescue improved out-
comes in selected cases [9-16]. However, because of the
rarity of advanced nasal NK/T cell lymphoma, there is no
general consensus concerning its optimal management.
Recently, an alternative stem cell source has been used to
treat some patients without available human leukocyte
antigen (HLA)-matched donors. We herein report a rare
case with disseminated nasal NK cell lymphoma that was
successfully treated with unrelated cord blood transplan-
tation (UCBT) incorporating focal irradiation during the
refractory phase of the disease.

2 Case report

A 52-year-old woman consulted previous hospital because
of left nasal obstruction, fever, and weight loss in October
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2007. Physical examination revealed masses in the left
nasal cavities. No peripheral lymphadenopathy was
detected. The results of complete blood count and coagu-
lation studies were normal. The lactate dehydrogenase
concentration was 203 IU/l (normal range 119-229 IU/),
and the soluble interleukin-2 receptor concentration was
slightly elevated to 592 U/ml (normal range < 466 U/ml).
The results of serological tests for Epstein—Barr virus
(EBYV) antibodies were as follows: EBV viral capsid anti-
gen (VCA), IgG 1:160, IgM < 1:10, and EB nuclear anti-
gens (EBNA), 1:40. The EBV DNA load measured by

Fig. 1 a Left nasal cavity was (A)
occupied with NK/T cell
lymphoma at the time of
diagnosis. b MR and PET/CT
findings before transplantation.
Nasal tumor progressed with
local invasion

(8
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quantitative polymerase chain reaction was not tested.
Computed tomography (CT) and magnetic resonance
imaging (MRI) revealed that the left nasal cavities were
filled and the paranasal cavities were partially infiltrated
with a tumor (Fig. la). '3F-Fluorodeoxyglucose positron
emission tomography revealed nasal cavity uptake and
involvement of the bone marrow and spleen. Biopsy of the
nasal tumor showed infiltration with medium to large-sized
abnormal lymphoid cells involving necrotic tissues.
Immunohistochemical examination showed the cells to be
positive for CD56 and CD45RO (UCHL-1), and negative
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for surface CD3. Using in situ hybridization, the presence
of EBV-encoded small nuclear early region RNA was
detected in the tumor tissues. Bone marrow aspiration
revealed involvement of abnormal lymphoma cells in 4.4%
of the nucleated cells. On the basis of these findings, a
diagnosis of extranodal NK/T cell lymphoma, nasal type,
was made in accordance with WHO guidelines. The clin-
ical stage was determined to be Ann Arbor stage IVB.
The patient received an induction chemotherapy con-
sisting of dexamethasone, methotrexate, ifosfamide,
L-asparaginase, and etoposide [17]. Partial response was
transiently achieved as the best response after 5 courses of
chemotherapy, but the disease soon progressed. Because
the prognosis of advanced nasal NK/T cell lymphoma is
extremely poor, the patient was referred to our hospital for
allogeneic stem cell transplantation in April 2008. On
admission, nasal obstruction and local tumor invasiveness
were observed (Fig. 1b). To reduce the tumor burden
before transplantation, we performed DeVIC chemother-
apy consisting of carboplatin, etoposide, ifosfamide, and
dexamethasone. However, nasal tumor growth was
observed soon after this treatment. The disease was so
aggressive that we planned an allogeneic transplantation
using cord blood as an alternative stem cell source, because
the patient had no HLLA-identical sibling donor and there is
little time to find a suitable donor from Japan marrow
donor bank. For local control of the tumor before UCBT,
the patient was scheduled to receive additional 10 Gy nasal
irradiation before preparative regimen that was considered
as tolerable and maximum dose we. could add before the
conditioning, because the disease was refractory to che-
motherapy. To maximize the efficacy and minimize the
adverse effect for subsequent conventional conditioning
regimen, we decided to perform 5 fractioned local irradi-
ation until 2 days before the administration of cyclophos-
phamide (10 Gy in 5 fractions on day—12 to —8). The
patient then received a conventional conditioning regimen

Fig. 2 MR scanning performed
18 days (a) and 6 months (b)
after transplantation. She
remained in complete remission

consisting of cyclophosphamide (60 mg/kg on days —6 to
—5), and total body irradiation (12 Gy in 6 fractions on
days —3 to —1). UCBT was performed on May 2008. The
numbers of infused cells and CD34 positive cells were
47 x 107/kg and 1.66 x 10°/kg, respectively. The patient
and donor were one-antigen mismatched as determined by
serological and DNA typing. Graft-versus-host disease
(GVHD) prophylaxis consisted of intravenous cyclosporin
(3 mg/kg/day) beginning on day —1 and short-term meth-
otrexate ondays 1 (10 mg/mz), 37 mg/mz),and6(7 mg/mz).
Granulocyte colony-stimulating factor was adminis-
tered from days 1 to 26 to accelerate neutrophil recovery.
Rapid engraftment was obtained. A neutrophil count >
500/ul, a platelet count > 50,000/p], and a reticulocyte
count > 20,000/ul were achieved on days 17, 32, and 21,
respectively, and complete donor chimerism was observed
in a bone marrow sample on day 28. The patient tolerated
the preparative regimen well, and regimen-related toxicity
consisted of only febrile neutropenia (Grade 3) and appetite
loss (Grade 3), both of which were self-limiting. An MRI
performed 18 days after the allogeneic transplantation
showed that the residual mass in the left nasal cavity and
cervical lymph nodes had disappeared (Fig. 2a); thus, we
concluded that the patient achieved a complete remission.
Acute GVHD of the skin, confirmed by skin biopsy, was
observed on day 21, and gradually progressed to Stage 3.
Because no other sites (liver, gut) were involved, the
patient was treated only with a topical corticosteroid
and the symptoms resolved without the need for addi-
tional immunosuppressive agents. Cytomegalovirus anti-
genemia became positive on day 39 and was treated
with 10 mg/kg/day gancyclovir. The patient was dis-
charged from our hospital on day 66. Despite having
extensive chronic GVHD (dry skin and pericardial effu-
sion), the patient was still in complete remission (Fig. 2b)
at the 18-month follow-up and was in excellent health
otherwise.
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3 Discussion

Lymphoma of the NK/T cell phenotype is rare and nasal
NK/T cell lymphoma, the most frequent disease in this
category, accounts for only 1.85% of all malignant lym-
phomas in Japan [18]. Recently, the long-term outcomes
and prognostic factors of patients with this rare disease
have been elucidated. Localized nasal disease can be
controlled with radiotherapy, but durable remission is
achieved in only about 50% of patients, because dissemi-
nation occurs in most of these patients [5, 8]. Systemic
dissemination is usually fatal. Cheung et al. [7] reported
that all patients with advanced NK cell lymphoma treated
with conventional chemotherapy died within 1 year of
diagnosis.

In an effort to improve the survival rate, the efficacy of
high-dose chemotherapy following autologous hematopoi-
etic stem cell transplantation (auto-HSCT) has been stud-
ied; however, this strategy was only beneficial in patients
with stage III or IV advanced NK/T cell lymphoma in
complete remission and with high NK-IPI scores [13, 14].
In contrast, patients not in remission at the time of trans-
plantation had significantly shorter relapse-free survival
and poorer overall survival rates. Allogeneic HSCT (allo-
HSCT) has been attempted in patients with advanced stage
disease or with disease refractory to conventional chemo-
therapy. Murashige et al. [19] reported the retrospective
analysis of 28 patients who underwent allo-HSCT.
Although 19 of the 28 patients had active stage I'V disease
before allo-HSCT, 34% achieved long-term progression-
free survival. Notably, all of the patients who did not
relapse or progress within 10 months remained free of
progression. Suzuki et al. [20] evaluated the effects of allo-
HSCT in 15 patients with NK-cell lineage neoplasms. The
probability of relapse was as low as 17%, even though 60%
of the patients underwent transplantation during remission
failure. These data suggest the presence of a graft-versus-
lymphoma (GVL) effect, which plays an important role in
disease eradication. However, in most reported cases, bone
marrow or peripheral blood from sibling donors or HLA-
matched unrelated donors was used as the stem cell source.
Recently, the use of HSCT with UCB has increased in
patients with no suitable donor, and its safety and efficacy
have been gradually established. Only one case of nasal
NK/T cell lymphoma treated with UCBT has been reported
previously [21]. A 36-year-old woman in second complete
remission underwent UCBT after a preparative regimen,
consisting of total body irradiation, cyclophosphamide, and
cytarabine. She remained in remission for 33 months after
transplantation with self-limiting acute GVHD. In contrast,
our case achieved complete remission after undergoing
UCBT for progressive disease. Additional focal irradiation
might play an important role for eradicating the residual
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mass and inhibiting early recurrence. Generally, NK/T cell
lymphoma has been recognized resistant to chemotherapy
because of its expression of the multidrug-resistant p-gly-
coprotein but relatively sensitive to radiotherapy. At pres-
ent, radiotherapy followed by chemotherapy [22] or
simultaneous chemoradiotherapy (RT-DeVIC) are regar-
ded as an optimal treatment strategy for limited stage of
nasal NK/T cell lymphomas. Recent report has disclosed
that only radiotherapy but not chemotherapy improved
outcome of relapsed nasal NK/T cell lymphoma as salvage
treatment [23]. On the other hand, for cases with advanced
stages, chemotherapy using multiple anti-cancer drugs
including 1-asparaginase was usually selected and con-
current radiotherapy was omitted in initial treatment.
Because local tumor invasiveness was reported to be an
adverse prognostic factor [24], additional focal irradiation
for local control might take advantage even in advanced
cases. In our case, incorporating focal irradiation to pre-
parative conditioning was partly responsible for achieving
complete remission soon after subsequent UCBT, and
following GVL effect could contribute to her relapse-free
survival of 18 months. Incorporating focal RT to conven-
tional preparative regimen may be expected better clinical
course by reducing regimen-related toxicity and tumor
burden before transplantation than additional administra-
tion of systemic anti-cancer drugs even in patients with
advanced NK/T cell lymphoma. Further accumulation of
data was required to assess the efficacy and the optimal
dose or timing of radiotherapy for patients with advanced
stages.

In conclusion, we reported a rare case with refractory
advanced nasal NK/T cell lymphoma successfully treated
with local irradiation following UCBT. UCB could be
considered as alternative source of stem cells for NK/T cell
lymphoma patients with no suitable donor even though the
disease is in refractory phase.
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Minor  histocompatibility antigens
{mHags) are molecular targets of allo-
immunity associated with hematopoietic
stem cell transplantation (HSCT) and in-
voived in graft-versus-host disease, but
they also have beneficial antitumor activ-
ity. mHags are typically defined by host
SNPs that are not shared by the donor
and are immunologically recognized by
cytotoxic T cells isolated from post-HSCT
patients. However, the number of molecu-
larly identified mHags is still too smail to
allow prospective studies of their clinical

importance in transplantation medicine,
mostly due to the lack of an efficient
method for isolation. Here we show that
when combined with conventional immu-
nologic assays, the large data set from
the International HapMap Project can be
directiy used for genetic mapping of novel
mHags. Based on the immunologically
determined mHag status in HapMap pan-
els, a target mHag locus can be uniquely
mapped through whole genome associa-
tion scanning taking advantage of the
unprecedented resolution and power ob-

tained with more than 3 000 000 markers.
The feasibility of our approach could be
supported by extensive simulations and
further confirmed by actually isolating
2 novel mHags as well as 1 previously
identified example. The HapMap data set
represents an invaluable resource for in-
vestigating human variation, with obvi-
ous applications in genetic mapping of
clinically relevant human traits. (Blood.
2009;113:5041-5048)

Introduction

The antitumor activity of allogeneic hematopoietic stem cell
transplantation (HSCT), which is a curative treatment for many
patients with hematologic malignancies, is mediated in part by
immune responses that are elicited as a consequence of incompat-
ibility in genetic polymorphisms between the donor and the
recipient.'> Analysis of patients treated for posttransplantation
relapse with donor lymphocytes has shown tumor regression to be
correlated with expansion of cytotoxic T lymphocytes (CTLs)
specific for hematopoiesis-restricted minor histocompatibility anti-
gens (mHags).>* mHags are peptides, presented by major histocom-
patibility complex (MHC) molecules, derived from intracellular
proteins that differ between donor and recipient due mostly to
single nucleotide polymorphisms (SNPs) or copy number varia-
tions (CNVs). >3 Identification and characterization of mHags that
are specifically expressed in hematopoietic but not in other normal
tissues could contribute to graft-versus-leukemia/lymphoma (GVL)
effects, while minimizing unfavorable graft-versus-host disease,
one of the most serious complications of allo-HSCT.!? Unfortu-

nately, however, efforts to prospectively target mHags to invoke
T cell-mediated selective GVL effects have been hampered by the
scarcity of eligible mHags, largely due to the lack of efficient
methods for mapping the relevant genetic loci. Several methods
have been developed to identify mHags, including peptide elution
from MHC,%7 cDNA expression cloning,®® and linkage analysis.>'®
We have recently reported a novel genetic method that combines
whole genome association scanning with conventional chromium
release cytotoxicity assays (CRAs). With this approach the genetic
loci of the mHag gene recognized by a given CTL clone can be
precisely identified using SNP array analysis of pooled DNA
generated from immortalized lymphoblastoid cell lines (LCLs) that
are immunophenotyped into mHag* and mHag~ groups by CRA."
The mapping resolution has now been improved from several Mb
for conventional linkage analysis to an average haplotype block
size of less than 100 kb,'? usually containing a handful of candidate
genes. Nevertheless, it still requires laborious DNA pooling and
scanning of SNP arrays with professional expertise for individual
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CTLs.!"! To circumvent these drawbacks, we have sought to take
advantage of publicly available HapMap resources. Here, we
describe a powerful approach for rapidly identifying mHAg loci
using a large genotyping data set and LCLs from the International
HapMap Project for genome-wide association analysis.>1

Methods

Cell lines and CTL clones

The HapMap LCL samples were purchased from the Coriell Institute
(Camden, NJ). All LCLs were maintained in RPM11640 supplemented with
10% fetal calf serum, 2 mM L-glutamine, and 1 mM sodium pyruvate.
Because the recognition of a mHag requires presentation on a particular
type of HLA molecule, the LCLs were stably transduced with a retroviral
vector encoding the restriction HLA ¢DNA for a given CTL clone when
necessary. '

CTL lines were generated from recipient peripheral blood mononuclear
cells obtained after transplantation by stimulation with those harvested
before HSCT after irradiation (33 Gy), and thereafter stimulated weekly in
RPMI 1640 supplemented with 10% pooled human serum and 2 mM
L-glutamine. Recombinant human inerleukin-2 was added on days 1 and 5
after the second and third stimulations. CTL clones were isolated by
standard limiting dilution and expanded as previously described.!%!7 HLA
restriction was determined by conventional CRAs against a panel of LCLs
sharing HLA alleles with the CTLs. All clinical samples were collected
based on a protocol approved by the Institutional Review Board Committee
at Aichi Cancer Center and the University of Tokyoand after written
informed consent was obtained in accordance with the Declaration of
Helsinki.

Immunophenotyping of HapMap LCLs and high-density
genome-wide scanning of mHag loci

Case (mHag™) - control (mHag ™) LCL panels were generated by screening
corresponding restriction HLA-transduced CHB and JPT HapMap LCL
panels with each CTL clone using CRAs. Briefly, target cells were labeled
with 0.1 mCi of 5'Cr for 2 hours, and 10 target cells per well were mixed
with CTL at a predetermined E/T ratio in a standard 4-hour CRA. All assays
were performed at least in duplicate. The percent specific lysis was
calculated by ((Experimental cpm - Spontaneous cpm) / (Maximum cpm -
Spontaneous cpm)) X 100. After normalization by dividing their percent
specific lysis values by that of positive control LCL (typically recipient-
derived LCL corresponding to individual CTL clones), the mHag status of
each HapMap L.CL was defined as positive, negative, or undetermined.

To identify mHag loci, we performed association tests for all the
Phase II HapMap SNPs, by calculating x? test statistics based on 2 X 2
contingency tables with regard to the mHag status as measured by CRA and
the HapMap genotypes (presence or absence of a particular allele) at each
locus. 2 were calculated for the 2 possible mHag alleles at each locus and
the larger value was adopted for each SNP. While different test statistics
may be used showing different performance, the x? statistic is most
convenient for the purpose of power estimation as described below. The
maximum value of the x? statistics was evaluated against the thresholds
empirically calculated from 100 000 random permutations within a given
LCL set. The program was written in C+ + and will run on a unix clone. It
will be freely distributed on request. Computation of the statistics was
performed within several seconds on a Macintosh equipped with 2 X
quadcore 3.2 GHz Zeon processors (Apple, Cupertino, CA), although
100 000 permutations took several hours on average.

Evaluation of the power of association tests using HapMap
samples

The genotyping data of the Phase II HapMap' were obtained from the
International HapMap Project website (http://www.hapmap.org/genotypes/
latest_ncbi_build35), among which we used the nonredundant data sets
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(excluding SNPs on the Y chromosome) from 60 CEU (Utah residents with
ancestry from northern and western Europe) parents, 60 YRI (Yoruba in
Ibadan, Nigeria) parents, and the combined set of 45 JPT (Japanese in
Tokyo, Japan) and 45 CHB (Han Chinese in Beijing, China) unrelated
people. They contained 3 901 416 (2 624 947 polymorphic), 3 843 537
(295 293 polymorphic), and 3 933 720 (2 516 310 polymorphic) SNPs for
CEU, YR, and JPT + CHB, respectively.

To evaluate the power, we first assumed that the Phase II HapMap SNP
set contains the target SNP of the relevant mHag or its complete proxies,
and that the immunologic assays can completely discriminate i mHag™* and
j mHag™ HapMap LCLs. Under this ideal condition, the test statistic, or 2,
for these SNPs takes a definite value, f£i,j) = i+, which was compared with
the maximum X2 value, or its distribution, under the null hypothesis, that is,
no SNPs within the Phase I HapMap set should be associated with the
mHag locus. Unfortunately, the latter distribution cannot be calculated in an
explicit analytical form but needs to be empirically determined based on
HapMap data, because Phase II HapMap SNPs are mutually interdependent
due to extensive linkage disequilibrium within human populations. For this
purpose, we simulated 10 000 case-control panels by randomly choosing
i mHag™ and j mHag~ HapMap LCLs for various combinations of (i,j) and
calculated the maximum 2 values (x%na) for each panel to identify those
(i,j) combinations, in which f{i,j) exceeds the upper 1 percentile point of the
simulated 10 000 maximum values, g(i,j)7 = °'.

‘When proxies are not complete (ie, r2 < 1), the expected values will be
decayed by the factor of 12, and further reduced due to the probabilities of
false positive (fp) and negative (fy) assays, and expressed as
Aijy = (i + ) X 2 through an apparent 2 (%) as provided in formula 1.!
Under given probabilities of assay errors and maximum LD strength
between markers and the mHag allele, we can expect to identify target
mHag loci for those (i,f) sets that satisfy Ai,f) - g(i,/)” = 0L

Empirical estimation of distributions of r°

The maximum 7 value (1%,,) between a given mHag allele and one or
more Phase I HapMap SNPs was estimated based on the observed
HapMap data set. Each Phase II HapMap SNP was assumed to represent a
target mHag allele, and the (r%,,) was calculated, taking into account all
the Phase II HapMap SNPs less than 500 kb apart from the target SNP.

Confirmatory genotyping

Genotyping was carried out either by TagMan MGB technology (Applied
Biosystems, Foster City, CA) with primers and probes for HA-1 mHag
according to the manufacturer’s protocol using an ABI 7900HT with the aid
of SDS version 2.2 software (Applied Biosystems) or by direct sequencing
of amplified cDNA for the SLCIAS gene. cDNA was reverse transcribed
from total RNA extracted from LCLs, and polymerase chain reaction (PCR)
was conducted with cDNA with the corresponding primers. Amplified DNA
samples were sequenced using BigDye Terminator version 3.1 (Applied
Biosystems). The presence or absence (deletion) of the UGT2B17 gene was
confirmed by genomic PCR with 2 primer sets for exons 1 and 6 as
described previously'S using DNA isolated from LCLs of interest.

Epitope mapping

A series of deletion mutant ¢cDNAs were designed and cloned into
pcDNA3.1/V5-His TOPO plasmid (Invitrogen, Carlsbad, CA). Thereafter,
293T cells that had been transduced with restricting HLA class I cDNA for
individual CTL clones were transfected with each of the deletion mutants
and cocultured with the CTL clone overnight to induce interferon (IFN)-y
release, which was then evaluated by enzyme-linked immunosorbent assay
(ELISA) as previously described.”

For SLCIAS, expression plasmids encoding full-length cDNA and the
exon 1 of recipient and donor origin were first constructed because only the
SNP in the exonl was found to be concordant with susceptibility to
CTL-3B6. Next, amino (N)- and (carboxyl) C-terminus—truncated mini-
genes encoding polypeptides around the polymorphic amino acid defined
by the SNP were amplified by PCR from SLCIAS exon 1 ¢DNA as template
and cloned into the above plasmid. The constructs all encoded a Kozak
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Figure 1. Numbers of positive and negative L.CLs required for

ful mHag

ing. The target locus was assumed to be uniquely identified, if the expected x?

value for the target SNP (/i,), see Document S$1) exceeded the upper 1 percentile point of the maximum x2 values in 10 000 simulated case-control panels (g(i,)?=-°").
Combinations of the numbers of mHag* (vertical coordinates) and mHag™ (horizontal coordinates) samples satisfying the above condition are shown in color gradients
corresponding to different max 2 values between the target SNP and one or more nearby Phase || HapMap SNPs (Zmax), ranging from 0.4 to 1.0. Calculations were made for
3 HapMap population panels, CHB + JPT (top), YRI (middle), and CEU (boitom} and for different false positive and negative rates, fp = fy = 0 (left), fp = 0.1,fy = 0 (middle}),

and fp = 0.1,fy = 0.05 (right}, considering the very low false negative assays for CRAs.

sequence and initiator methionine (CCACC-ATG) and for C-terminus
deletions a stop codon (TAG).

For UGT2BI7, a series of C-terminus deletion mutants with approxi-
mately 200 bp spacing was first constructed as above. For further mapping,
N-terminus deletion mutants were added to the region that was deduced to
be potentially encoding the CTL-1B2 epitope. For prediction of a CTL
epitope, the HLA Peptide Binding Predictions algorithm on the BioInformat-
ics & Molecular Analysis Section (BIMAS) website (http://www.
bimas.cit.nih.gov/molbio/hla_bind/)!* was used because HLA-A*0206 has
a similar binding motif to that of A*0201.

Epitope reconstitution assay

The candidate mHag epitopes and allelic counterpart peptides (in case of
SLC1AS5) were synthesized by standard Fmoc chemistry. >!Cr-labeled
mHag™ donor LCL were incubated with graded concentrations of the
peptides and then used as targets in standard CRAs.

Results and discussion
Statistical approach and estimation of potential overfitting

‘We reasoned that the mHag locus recognized by a given CTL clone
could be defined by grouping LCLs from a HapMap panel into

mHag* and mHag™~ subpanels according to their susceptibility to’
lysis by the CTL clone and then performing an association scan
using the highly qualified HapMap data set containing more than
3 000 000 SNP markers. The relevant genetic trait here is expected
to show near-complete penetrance, and the major concern with this
approach arises from the risk of overfitting observed phenotypes to
one or more incidental SNPs with this large number of HapMap
SNPs under the relatively limited size of freedom due to small
numbers of independent HapMap samples (90 for JPT + CHB and
60 for CEU and YRI, when not including their offspring).!?

To address this problem, we first estimated the maximum
sizes of the test statistics (here, x* values) under the null
hypothesis (ie, no associated SNPs within the HapMap set) by
simulating 10 000 case-control HapMap panels under different
experimental conditions, and compared them with the expected
size of test statistic values from the marker SNPs associated
with the target SNP, assuming different linkage disequilibrium
(LD), or 7? values in between. As shown in Figure 1, the
possibility of overfitting became progressively reduced as the
number of LCLs increased, which would allow for identification
of the target locus in a broad range of r? values, except for those
mHags having very low minor allele frequencies (MAF) below

325



5044  KAMEletal BLOOD, 21 MAY 2009 » VOLUME 113, NUMBER 21
A
CTL-4B1
~N
=
2 4 6 8 10 12 14 16 18 20 22
1 3 5 7 9 11 13 15 17 19 21 X
B
o~
=
2 4 6 8 10 12 14 16 18 20 22
1 3 5 7 9 11 13 15 17 19 21 X
C
o CTL-1B2
50 ’
40
Ne 30 T T T T
20},
10 [stbiz i i ;i
0 . '3 B
2 4 6 8 10 12 14 16 18 20 22
1 3 5 7 9 11 13 15 17 19 21 X

Chromosomes / positions

Figure 2. Genome-wide scanning to identify chromosome location of mHag. »* values were plotted against positions on each chromosome for each of 3 mHags
recognized by CTL-4B1 (A), CTL-3B6 (B), and CTL-1B2 (C). Chromosomes are displayed in alternating colors. Threshold x? values corresponding to the genome-wide
P = 10-3 (dark blue) and 10-2 (light blue), as empirically determined from 100 000 random permutations, are indicated by broken lines, while the theoretically possible
maximum values are shown with red broken lines. The highest 3 value in each experiment is indicated by a red arrow.

-approximately 0.05. According to our estimation using the Phase Il
HapMap data (see “Methods”), the majority (> 90%) of common target
SNPs (MAF > ~ 0.05) could be captured by one or more HapMap
SNPs with more than 0.8 of 2 (Figure S1, available on the Blood
website; see the Supplemental Materials link at the top of the online
article), ensuring a high probability of detecting an association (Figure 1
left panels). The simulation of pseudo-Phase II sets generated from the
ENCODE regions provided a similar estimation.'® False positive and
negative immunophenotyping results could also complicate the detec-
tion, reducing the expected test statistics through the “apparent” 1
values (72), as defined by

(- fP — fN)2
U= fo a1 — fv + filg)

)] P=r X

where fp, fy, and g represent false typing probabilities with positive and
negative LCL panels, and the ratio of the positive to the negative LCL
number, respectively. However, the high precision of cytotoxicity assays
(fr ~ < 0.1, fy ~=0) limits this drawback from the second term to
within acceptable levels and allows for sensitive mHag locus mapping
with practical sample sizes (Figure 1 middle and right panels), suggest-
ing the robustness of our novel approach.

Evaluation of the detection power for known mHags

Based on these considerations, we then assessed whether this
approach could be used to correctly pinpoint known mHag loci
(Table S1). Because the relevant mHag alleles are common SNPs
and directly genotyped in the Phase II HapMap set, or if not,
located within a well-defined LD block recognized in this set
(Figure S2), their loci would be expected to be uniquely deter-
mined with an acceptable number of samples, as predicted from
Figure 1. To test this experimentally, we first mapped the locus for
HA-1" mHag’ by evaluating recognition of the HLA-A*0206~
transduced HapMap cell panel with HLA-A*0206-restricted CTL-
4B1.20 After screening 58 well-growing LCLs from the JPT + CHB
panel with CRAs using CTL-4B1 (Figure S3A; Tables 5§2,53), we
obtained 37 mHag* and 21 mHag™ LCLs, which were tested for
association at 3 933 720 SNP loci. The SNP (rs1801284) encoding
the mHag is located within a HapMap LD block on
chromosome 19q13.3, but is not directly genotyped within this data
set. The genome-wide scan clearly indicated a unique association
with the HA-1" locus within the HMHAI gene, showing a peak x?
statistic of 52.8 (not reached in 100 000 permutations) at rs10421359
(Figures 2A,3A; Tables §2,S3).
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Figure 3. Regions of mHag loci identified by HapMap scanning. LD structures around the SNPs showing peak statistical values (in JPT + CHB) are presented for each
mHag locus identified with (A) CTL-4B1, (B) CTL-3B6, and (C) CTL-1B2. Regional x? plots are also provided on the top of each panel. LD plots in pairwise D's with
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containing a mHag locus are indicated within the panels. Significant SNPs (blue lefters), as well as other representative SNPs, are shown in relation to known genes. The
positions of the SNPs showing the highest statistic values (red letters) are indicated by red arrowheads.

Identification of novel mHags

We next applied this method to mapping novel mHags recognized
by CTL clone 3B6, which is HLA-B*4002-restricted; and CTL
clone 1B2, which is HLA-A*0206-restricted. Both clones had
been isolated from peripheral blood samples of post-HSCT differ-
ent patients. In preliminary CRAs with the JPT + CHB panel,
allele frequencies of target mHags for CTL-3B6 and CTL-1B2 in
this panel were estimated as approximately 25% and approxi-
mately 45%, respectively (data not shown). After screening

72 JPT + CHB LCLs with CTL-3B6, 36 mHag* and 14 mHag~
LCLs were obtained, leaving 22 LCLs undetermined based on
empirically determined thresholds (> 51% for mHag + LCLs and
< 11% for mHag-LCLs; Figure S3B, Tables S2,S4). As shown in
Figure 2B, the x? statistics calculated from the immunophenotyp-
ing data produced discrete peaks in the LCL sets. The peak in
chromosome 19q13.3 for the CTL-3B6 set showed the theoreti-
cally maximum x? value of 50 (not reached in 100 000 permuta-
tions) at rs3027952, which was mapped within a small LD block of
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Figure 4. Epitope mapping. (A) Determination of the SLC71A5 epitope by deletion mapping. Plasmids encoding recipient full-length SLC1A5, exon 1 of recipient and donor,
exon 1 with various N- and C-terminus detetions around the amino acid encoded by SNP rs51983014, and minigenes encoding AEATANGGLAL and its allelic counterpart
AEPTANGGLAL were constructed and transfected into HLA-B*4002-transduced 293T cells. interferon (IFN)-y was assessed by ELISA (right column) after coculture of
CTL-3B1 with 293T transfectants. (B) Epitope reconstitution assay with synthetic undecameric peptides, AEATANGGLAL and AEPTANGGLAL. (C) Structure of the UGT28B17
gene and screening of UGT2B8177 cDNA and deletion mutants. HLA-A*0206-transduced 293T cells were transfected with each plasmid and cocultured with CTL-281. IFN-y
production from CTL-1B2 (right column) indicated that the epitope was likely encoded by nucleotides 1448-1586, including 30 nucleotides from position 1566 that could
potentially encode part of the epitope. (D) Epitope prediction using the HLA Peptide Binding Predictions algorithm.!® Because HLA-A*0201 and -A*0206 have similar peptide
binding motifs,?® the algorithm for HLA-A*0201 was used to predict candidate epitopes recognized by CTL-1B2. Values in parentheses indicate the predicted half-time of
dissociation. (E) Epitope reconstitution assays with graded concentrations of synthetic nonameric peptides shown in pane! D.

approximately 182 kb, or more narrowly within its 35 kb sub-block
containing a single gene, SLCIAS, as a candidate mHag gene
(Figure 3B). In fact, when expressed in 293T cells with HLA-
B*4002 transgene, recipient-derived, but not donor-derived, SLCIAS

mHag recognized by CTL-3B6. Conventional epitope mapping
using a series of deletion mutants of SLCIAS ¢DNA finally
identified an undecameric peptide, AEATANGGLAL, as the mini-
mal epitope (Figure 4A). The donor-type AEPTANGGLAL in-

c¢DNA was able to stimulate IFN-y secretion from CTL-3B6
(Figure 4A), indicating that SLCIAS actually encodes the target

duced IFN-y with a 2-log lower efficiency, suggesting that
AEPTANGGLAL may not be transported efficiently into the ER
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because endogenous expression of a minigene encoding AEPTANG-
GLAL was not recognized by CTL-3B1l (Figure 4B). Unfortu-
nately, although the peak statistic value showed the theoretically
maximum value for this data set, it did not conform to the relevant
SNP for this mHag (rs3027956) due to high genotyping errors of
the HapMap data at this particular SNP. However, the result of our
resequencing showed complete concordance with the presence of
the rs3027956 SNP and recognition in the cytotoxicity assay
(Table S4).

Similarly, 13 mHag* and 32 mHag~ LCLs were identified from
the screening of 45 JPT LCLs from the same panel using CTL-1B2
(Figure S3C; Tables S2,S5). The x> statistics calculated from the
immunophenotyping data produced bimodal discrete peaks with
this LCL set. The target locus for the mHag recognized by
CTL-1B2 was identified at a peak (max y*> = 44, not reached
in 100000 permutations) within a 598-kb block on chromo-
some 4q13.1, coinciding with the locus for a previously reported
mHag, UGT2B17'8 (Figures 2C, 3C). In fact, our epitope mapping
using UGT2B17 cDNA deletion mutants (Figure 4C), prediction of
candidate epitopes by HLA-binding algorithms'® (Figure 4D) and
epitope reconstitution assays (Figure 4E), successfully identified a
novel nonameric peptide, CVATMIFMI. Of particular note, this
mHag was not defined by a SNP but by a CNV (ie, a null allele'3)
that is in complete LD with the SNPs showing the maximum )?
value (Table S5). Transplanted T cells from donors lacking both
UGT2B17 alleles are sensitized in recipients possessing at least
1 copy of this gene.'8 Although LD between SNPs and CNVs has
been reported to be less prominent,?! this is an example where a
CNV trait could be captured by a SNP-based genome-wide
association study.

The recent generation of the HapMap has had a profound
impact on human genetics.'! In the field of medical genetics, the
HapMap is a central resource for the development of theories and
methods that have made well-powered, genome-wide association
studies of common human diseases a reality.?>?® The HapMap
samples provide not only an invaluable reference for genetic
variations within human populations, but highly qualified geno-
types that enable gene-wide scanning. Here, we have demonstrated
how effectively HapMap resources can be used for genetic
mapping of clinically relevant human traits. No imputations and
tagging strategies are required®?® and the potential loss of
statistical power due to very limited sample sizes is circumvented
by accurate immunologic detection of the traits.

Using publicly available HapMap resources, high-throughput
identification of mHag genes is possible without highly specialized
equipment or expensive microarrays. Except for clinically irrel-
evant mHags with very low allele frequencies (eg, MAF < 5%),
the target of a given CTL can be sensitively mapped within a mean
LD block size, typically containing just a few candidate genes. The
methodology described here will facilitate construction of a large
panel of human mHags including those presented by MHC class IT
molecules, and promote our understanding of human allo-
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TRANSPLANTATION

Brief report

Impact of macrophage infiltration of skin lesions on survival after allogeneic stem
cell transplantation: a clue to refractory graft-versus-host disease

Satoshi Nishiwaki,! Seitaro Terakura,! Masafumi lto,? Tatsunori Goto,! Aika Seto,! Keisuke Watanabe,?
Mayumi Yanagisawa,! Nobuhiko Imahashi,! Shokichi Tsukamoto,’ Makoto Shiniba,! Yukiyasu Ozawa,! and

Koichi Miyamura!

Departments of 'Hematology and 2Pathology, Japanese Red Cross Nagoya First Hospital, Nagoya, Japan

We retrospectively reviewed 104 biopsy
specimens of previously untreated skin
acute graft-versus-host disease (GVHD)
within 100 days after allogeneic stem cell
transplantation, and analyzed the relation-
ship between types of infiltrating cells
and clinical outcomes. Counting the to-
tal number of CD8* T celis, CD163* mac-
rophages, and CD1a* dendritic cells in

x200, the infiltration of more than
200 cells of CD163* macrophages (many
macrophages [MM}]) was the only signifi-
cant predictor for refractory GHVD (odds
ratio, 3.79; 95% confidence interval, 1.22-
11.8; P = .02). In 46 patients given ste-
roid treatments, MM was the only signifi-
cant predictor for refractory acute GVHD
(odds ratio, 5.05; 95% confidence inter-
val, 1.19-21.3; P = .03). Overall survival

of patients with MM was significantly
lower than that of those with an infiltra-
tion of less than 200 cells of CD163*
macrophages. Macrophage infiltration
of skin lesions could be a significant
predictive factor for refractory GVHD
and a poor prognosis. (Blood. 2009;114:
3113-3116)

4 fields under original magnification

Introduction

Macrophages are phagocytic cells with various abilities, such as
phagocytosis, antigen-presenting, and secretion of cytokines.'?
Recently, it was revealed in human sequential biopsy data that
recipient macrophages contributed to acute graft-versus-host dis-
ease (GVHD) by antigen-presenting and secreting cytokines,
causing the activation and proliferation of CD8* T cells.> We
focused on macrophage involvement in acute GVHD, especially on
the relationship between the macrophage infiltration of skin lesions
and refractory GVHD.

Methods

Between January 1997 and October 2007 at the Japanese Red Cross
Nagoya First Hospital, we used skin biopsy specimens within 100 days
after allogeneic stem cell transplantation (allo-SCT) of skin lesions
clinically considered acute GVHD without any GVHD treatment from
104 patients who underwent allo-SCTs. We analyzed the relationship
between types of infiltrating cells and clinical outcomes by counting the
total number of CD8* T cells, CD163% macrophages, and CDla*
dendritic cells in 4 fields of a skin biopsy specimen under original
magnification X200. Immunohistochemical analysis using paraffin
sections was performed using monoclonal antibodies against CDS,
CD163, and CDla (Novocastra). CD163 is a member of the scavenger
receptor cystein-rich superfamily and is an exclusive marker for
macrophages, playing a major role in the scavenging components of
damaged cells.*’

The endpoints of this study were the outcomes of acute GVHD and
overall survival (OS). Acute GVHD was diagnosed and graded accord-
ing to the consensus criteria.® We defined refractory GVHD as that
exhibited by patients who had persistent lesions after primary steroid
treatments. To establish parameters, we analyzed the numbers of infiltrating
CD8" T cells (= 100/4 fields [few T cells; FT] vs > 100/4 fields [many
T cells; MT]), numbers of infiltrating CD163* macrophages
(= 200/4 fields [few macrophages; FM] vs > 200/4 fields [many
macrophages; MM]), disease risk ‘(low vs high), human leukocyte
antigen (HLA) disparity (match vs mismatch), donor source (related vs
unrelated), graft source (bone marrow vs peripheral blood), age at
allo-SCT (= 50 years vs > 50 years), conditioning regimen (conventional
regimens vs reduced intensity regimens), and skin GVHD stage at biopsy
(stages 1-2 vs stages 3-4). A significance level of P <C .05 was used for all
analyses, which were based on all data available as of August 31, 2008.
Protocols were approved by the Japanese Red Cross Nagoya First
Hospital’s Institutional Review Board, and all patients provided informed
consent in accordance with the Declaration of Helsinki.

Results and discussion

Table | summarizes the characteristics of patients and informa-
tion gathered about GVHD. We divided patients into 4 groups
according to the amount of infiltrating cells (FM and FT, 60.6%:;
MT and FM, 18.2%; MT and MM, 10.6%; and FT and MM,
10.6%). We noted a striking difference among patients in the
types of infiltrating cells in skin GVHD lesions (Figure 1A). The
distributions of numbers of infiltrating cells also exhibited a
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Table 1. Information on patient characteristics, acute GVHD, and
skin biopsy

Characteristic Value

Patient characteristics
Total no. of patients - S : 104
Median age at allo-SCT, y {range} 40.5 (19-61)
Male/female 65/39
Disease risk, low/high 51/53
HLA, match/mismatch 72132
Donor, unrelated/related 67/37
Graft, BM/PB/CB 89/11/4
Conditioning, conventional/RIST 78/26

Median observation period, mo {range) 2187 (0:7-120.7)

Acute GVHD

Stage skin (at the time of biopsy), 22/57/25/0

[ Rl ‘ . - :

Skin {the maximal severity), 1/2/3/4 16/25/52/11

Gut, 0/1/2/3/4 69/9/8/15/3

Liver, 0/1/2/3/4 82/5/3/9/5

Grade (at the time of the biopsy), 58411
Ay, o , -

Grade (the maximal severity), I/Il/HI/IV 28/44/19/13

Primar‘y steroid treatment, yesiho. 46/58

Second treatment, yes/no 18/30

Olitcome of GVHD, CBap0
improved/refractory .

Skin lesion

Median date of appearance, days 24.(5:81)
(range) :

Median date of skin biopsy, days 31.5 (6-82)
(range)

Median date of highest stage of skin 34(9-90)
GVHD. days(range) .

No. of infiltrating CD8* cells 65 (2-305)

No. of inflitrating CD163” cells 1325 (38-372)

No. of infiltrating CD1a* cells 7 (0-122)

Disease risk low indicates acute leukemia in first remission; CML, in first chronic
phase; MDS, refractory anemia or nonmalignant hematologic disease; disease risk
high, all other diagnoses; HLA match, identical HLA-A, -B, and -DRB1 loci; HLA
mismatch, at least one disparity at one of these loci; BM, bone marrow; PB, peripheral
blood; CB, cord blood; and RIST, reduced intensity conditioning regimens.

considerably wide variety (Figure 1B). The median number of
infiltrating CD8* T cells was 65 (range, 2-305), that of infiltrat-
ing CD163* macrophages was 132.5 (range, 38-372), and thatof
infiltrating CD1a* dendritic cells was 7 (range, 0-122). We used
3 skin biopsy specimens of drug rash from autologous transplan-
tation patients as non-GVHD controls; the median numbers of
CD8t, CD163*, and CDla"* infiltrating cells were 11 (range,
6-15), 26 (range, 19-30), and 68 (range, 65-83), respectively. MT
was correlated with an HLA mismatch (P = .047), grade HI-IV
acute GVHD (P = .03), and MM (P = .01), whereas MM was
correlated with unrelated donor (P = .04), an HLA mismatch
(P = .049), refractory GVHD (P = .004), and MT (P = .01) using
x? analyses. The sensitivity and specificity of MT for refractory
GVHD were 25.0% and 70.5% in all 104 patients, and 25.0%
and 73.3% in 46 receiving steroids, whereas those of MM were
43.8% and 82.9%, and 43.8% and 86.7%, respectively.

In 46 patients undergoing steroid treatments, the median date of
the appearance of skin lesions was 17.0 days (range, 5-54 days),
whereas that of skin biopsy was 27.5 days (range, 6-63 days) and
that of the highest skin stage was 32.0 days (range, 9-68 days).
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Treatments for GVHD were considered for GVHD patients without
spontaneous regression and with progression to a higher grade,
except for those in which enhanced immunosuppression would not
be preferable, such as encephalopathy resulting from calcineurin
inhibitor or a pathologic diagnosis of intestinal transplantation-
associated microangiopathy.®!? The median interval from the initial
clinical manifestation of GVHD to the primary treatments was 4.5 days
(range, 0-97 days). The dose of prednisolone was 0.5 mg/kg in 4 pa-
tients, 1 mg/kg in 20 patients, 2 mg/kg in 19 patients, 500 mg/body
in 1 patient, and 1000 mg/body in 2 patients. Only MM was
identified as a negative predictive factor for refractory GVHD
(Table 2). In 46 patients undergoing steroid treatments, only
MM was identified as a negative predictive factor for re-
fractory GVHD (odds ratio, 5.05; 95% confidence interval [CI],
1.19-21.3; P = .03).

In the Cox proportional hazard model, age more than 50 years,
high risk, and MM were identified as significant risk factors by
univariate analyses, with MM and high risk remaining a
significant risk in a multivariate analysis (Table 3). OS rates
were significantly higher in FM patients compared with those in
MM (Figure 1C). Uncontrolled GVHD was the cause of 6 MM
patients of 11 (54.5%) who died because of transplantation-
related mortality (TRM), whereas in FM patients, 3 of 24
(12.5%) died because of uncontrolled GVHD. The causes of
death for the 5 MM patients who did not die of uncontrolled
GVHD were infection in 3 patients, intestinal transplantation-
associated microangiopathy in 1 patient, and liver failure in 1
patient. In 46 patients who underwent steroid treatments, only
MM was identified as a significant risk factor in the Cox
proportional hazards model (Hazard ratio 3.25; 95% CI, 1.46-
7.26; P = .004). OS rates were significantly higher in FM
patients compared with those in MM (Figure 1D). Uncontrolled
GVHD was the cause of 6 MM patients of 9 (66.7%) who died
because of TRM, whereas in FM patients, 3 of 15 (20.0%) died
because of uncontrolled GVHD.

Our study suggested that macrophages are involved in a specific
type of acute GVHD that tended to be systemic and refractory to
conventional therapies, such as corticosteroids or calcineurin
inhibitors.!!13 Differences in treatment efficacy could be explained
by the difference in infiltrating cell types. Although efforts have
been made at predicting refractory GVHD, %17 no confirmed factor
has been established to date. Our findings could prove to be a
relatively simple and useful method directly related to the progno-
sis of patients.

Macrophages could not be completely suppressed by current thera-
pies for acute GVHD mainly targeting T cells. Considered together with

Table 2. Analyses of predictive factors for refractory GVHD in all
104 patients

Parameter Odds ratio (95% Ct) 14
More than50yold 1.21(0:35:4.19) . 76
High disease risk 1.29 (0.44-3.76) .65
Graft PB (vs BM) 1.19(0.23-6.11) 83
Unrelated donor 0.91 (0.30-2.73) .86
HLAmismatch -1.96 (0.66-5.84) - 23
Conventional regimens 0.94 (0.27-3.23) .92
Skin stage 3 or 4 atbiopsy.-. 1,97 (0:69-5.68) e v
MT (> 100 CD8* cells) 1.26 (0.37-4.27) 7
MM (> 200 CD163* celis) 3.79(1.22-11.8) .02
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