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Abstract A total of 120 patients with high-risk myelo-
dysplastic syndrome (MDS) and AML progressed from
MDS (MDS-AML) were registered in a randomized
controlled study of the Japan Adult Leukemia Study
Group (JALSG). Untreated adult patients with high-risk
MDS and MDS-AML were randomly assigned to receive
either idarubicin and cytosine arabinoside (IDR/Ara-C)
(Group A) or low-dose cytosine arabinoside and aclaru-
bicin (CA) (Group B). The remission rates were 64.7%
for Group A (33 of 51 evaluable cases) and 43.9% for
Group B (29 out of 66 evaluable cases). The 2-year
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overall survival rates and disease-free survival rates were
28.1 and 26.0% for Group A, and 32.1 and 24.8% for
Group B, respectively. The duration of CR was
320.6 days for Group A and 378.7 days for Group B.
There were 15 patients who lived longer than 1,000 days
after diagnosis: 6 and 9 patients in Groups A and B,
respectively. However, among patients enrolled in this
trial, intensive chemotherapy did not produce better sur-
vival than low-dose chemotherapy. In conclusion, it is
necessary to introduce the first line therapy excluding the
chemotherapy that can prolong survival in patients with
high-risk MDS and MDS-AML.
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1 Introduction

Myelodysplastic syndrome (MDS) is a group of disorders
in which abnormalities occur at the level of hematopoietic
stem cells [1], leading to disturbance in the production of
blood cells characterized by ineffective hematopoiesis [2],
decrease in the number of peripheral blood cells and
morphological/functional abnormalities in blood cells [3].
Allogeneic hematopoietic cell transplantation (allo-HCT)
is the most effective curative therapy for acute myeloid
leukemia (AML) and myelodysplastic syndromes (MDS)
[4]. However, for patients with high-risk MDS (those with
refractory anemia with excess of blasts in transformation
(RAEB)-t and some patients with RAEB) and patients with
acute myeloid leukemia progressed from MDS (MDS—
AML), chemotherapy aimed at remission is being used.
The reasons for this are that MDS often affects elderly
people [5], suitable donors are not always available at the
time of disease onset, the necessity of pretransplant con-
ditioning chemotherapy is controversial [6, 7] with a lack
of sufficient evidence, and the optimal timing for trans-
plantation varies widely depending on disease type [8].

On the other hand, reduced-intensity conditioning has
extended the use of allo-HSCT to patients otherwise not
eligible for this treatment due to older age or frailty [9].
However, allo-HSCT using traditional myeloablative pre-
parative regimens is not easily tolerated by the elderly or
frailer patient, and may lead to prohibitive treatment-rela-
ted mortality rates. Most patients treated in the past were
younger and devoid of comorbid clinical conditions. Novel
reduced-intensity regimens have recently made allogeneic
transplants applicable to the elderly, providing the benefit
of the graft-versus-leukemia effect to a larger number of
patients in need [10].

Low-dose chemotherapy, which has been used in clini-
cal practice for 20 years, reduces the number of myelo-
blasts, improves pancytopenia and induces remission not
only in MDS patients but also in some MDS—-AML patients
[11]. Common antineoplastic agents used in low-dose
chemotherapy include cytosine arabinoside (Ara-C), acla-
rubicin (ACR), melphalan and etoposide. Nevertheless,
despite improved Ara-C and regimens, the prognosis of
AML in patients beyond 60 years of age remains dismal
[4]. Low-dose antineoplastic drug therapy is still being
used in some patients with MDS, which is common in
elderly people, especially when the patient is at risk due to
poor general condition or organ disorder [12].

The Japan Adult Leukemia Study Group (JALSG)
previously conducted a pilot study for the treatment of
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high-risk MDS and MDS-AML to compare low-dose
monotherapy with low-dose Ara-C plus granulocyte col-
ony-stimulating factor (G-CSF) and multiple drug therapy
with Ara-C plus Mitoxantrone plus VP-16. Later, JALSG
conducted studies using a single protocol (JALSG MDS96)
in 1996, in which remission induction and post-remission
therapies using Ara-C and IDR in patients with high-risk
MDS (RAEB-t) and in those with MDS—-AML were per-
formed, after which the efficacy and safety of these ther-
apies were evaluated [13]. Furthermore, a randomized
controlled study (JALSG MDS200) of intensive chemo-
therapy (IDR/Ara-C) or low-dose chemotherapy (CA) for
high-risk MDS was also performed by JALSG.

Here, we present and analyze the results of the JALSG
MDS200 study to assess and evaluate the validity of the
MDS200 protocol for MDS treatment.

2 Patients and methods
2.1 Patient eligibility

A total of 120 patients were initially registered into the
JALSG MDS200 study between June 2000 and March
2005. They were assigned into two groups, namely, Groups
A and B (Table 1). Patients aged 15 years or more and
diagnosed as having high-risk RAEB with high Interna-
tional Prognostic Scoring System score [14], RAEB-t or
MDS-AML were eligible for this study. MDS-AML
denotes secondary AML transformed from MDS.

Other eligibility criteria were as follows: patients with a
performance status (PS) of 0-2 (ECOG); patients whose
key organs other than the bone marrow retain intact func-
tion; patients who have not undergone any chemotherapy,
except for pretreatment that does not affect the outcome of
the main therapy; and patients who have given informed
consent. Informed consent was obtained after carefully
explaining the protocol and before registration.

2.2 Study protocol

The MDS200 protocol (Fig. 1) was designed based on the
results of MDS96, and involved a dose-attenuation plan
and allowed a wider range of chemotherapy. Patients were
randomly assigned to either Group A or B.

In therapy A, the dose was adjusted according to a dose
attenuation plan based on the presence of risk factors. The
following 3 factors were regarded as risk factors: (1) Age
(>60 years), (2) hypoplastic bone marrow and (3) PS > 2.
Patients with no risk factor received the standard dose,
those with 1 risk factor received 80% of the dose and those
with 2 or more risk factors received 60% of the dose
(equivalent to the dose of MDS96). In therapy B, the use of
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Table 1 Characteristics of patients

Group A (n=153) B (n = 67) P value (A vs. B)
Age (range) 63 (23-77) 61 (32-81) 0.505
Gender
Male 37 52 0.332
Female 16 15
Disease type
HR-RAEB 4 11 0.269
RAEB-T 22 29
MDS-AML 27 27
Infection
Presence 10 11 0.726
None 43 56
Karyotype®
Good 23 (44.2%) n = 52 21 (33.9%) n = 62 0.524
Int 11 (21.2%) 15 (24.2%)
Poor 18 (34.6%) 26 (41.9%)
PB (range)
WBC (/pL) 2,500 (700-64,240) 2,720 (600—43,700) 0.665
Hb (g/dL) 8 (4.7-12.6) 7.9 (4.4-12.7) n = 66 0.562
Plt (/uL) 5.8 (0.2-31.4) 5.9 (0.5-36.7) 0.363
BM (range)
Blast (%) 30 (4-95) n =51 24.2 (1.9-96) n = 66 0.171
Biochemical data (range)
LDH (IU/L) 296 (132-882) 303.5 (111-906) n = 66 0.998
CRP (mg/dL) 0.5 (0-20.2) 0.35 (0-11.7) n = 66 0.292

Patients who met all of the inclusion criteria and did not meet any of the stated exclusion criteria were included the study. The disease types were

classified by FAB classification

Statistical analysis between Group A and Group B was done using z? test or Mann-Whitney U-test

MDS myelodysplastic syndrome, HR-RAEB high risk-refractory anemia excess of blasts with high International Prognostic Scoring System
Score, RAEB-T refractory anemia excess of blasts in transformation, MDS-AML MDS overt leukemia, WBC white blood cell, Hb hemoglobin,
Plt platelet, LDH lactate dehydrogenase, CRP C-reactive protein, PB peripheral blood, BM bone marrow

* Shows IPSS risk

Remission induction therapy

Therapy A (IDR+Ara-C)

day 1 2 34 56 7
Ara-C  100mg/m? continuous, iv. RN
IDR  12mg/m? 30 min. iv. v
Therapy B (CA therapy) day 1 2 3456 7 .., 14
Ara-C 10mg/m?/12h subcutaneous injection N NN H
ACR  14mg/m?/day 30 min. iv. vl

Consolidation, maintenance and intensification therapies

These therapies were performed in accordance with the JALSG MDS96 protocol both in groups A and B

Fig. 1 Japan Adult Leukemia Study Group—myelodysplastic syn-
drome (JALSG MDS200 Protocol). In therapy A, the dose was
adjusted according to a dose attenuation plan based on the presence of
risk factors. The following 3 factors were regarded as risk factors: (1)
Age (=60 years), (2) hypoplastic bone marrow and (3) PS > 2.
Patients with no risk factor received the standard dose, those with 1
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risk factor received 80% of the dose, and those with 2 or more risk
factors received 60% of the dose (equivalent to the dose of MDS-96).
In therapy B, the use of CAG therapy involving co-administration of
G-CSF was allowed. /DR idarubicin, Ara-C cytosine arabinoside,
ACR aclarubicin, G-CSF granulocyte colony-stimulating factor, iv
intravenous injection, min minutes
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CAG therapy involving the co-administration of granulo-
cyte colony-stimulating factor (G-CSF) was allowed.
Untreated adult patients (>15 years) with MDS (RAEB,
RAEB-t or MDS-AML) were randomly assigned to
receive either IDR/Ara-C (Group A) or CA (Group B) [15].
Complete remission (CR) rate, CR duration, overall sur-
vival (OS) rate and disease-/relapse-free survival (DFS/
RFS) rate were compared between the two groups.
Consolidation therapy and maintenance therapy were
performed in accordance with JALSG MDS96 [13].

2.3 Evaluation of response

Response to treatment was evaluated in accordance with
JALSG criteria [13]. CR was considered achieved when the
following conditions remained for at least 4 weeks. For
the bone marrow: blasts accounting for <5% of all cells;
absence of blasts with Auer body; and presence of normal
erythroblasts, granulocytes and megakaryocytes. For
peripheral blood: absence of blasts; neutrophils > 1,000/ml;
platelets > 100,000/pL; and no evidence of extramedullary
leukemia. CR duration was defined as the duration from the
day when CR is achieved to the day of relapse or death, OS
or DFS as the duration from the day of initiation of treatment
to the day of death and DFS as the duration in which CR
patients survived without relapse. Patients who were treated
with HCST were not censored at the date of transplantation.
All toxicity was graded using the World Health Organiza-
tion criteria [16].

2.4 Statistical analysis

The primary endpoint of this study is DFS. Assuming a
1-year DFS rate of 60% in the Group A and 40% in the
Group B, this design required the randomization of 200
patients. Eligible patients were randomized according to
age, sex and disease type. Differences in background fac-
tors (e.g., age, gender and disease type) between Groups A
and B were statistically analyzed using the y* test or
Mann-Whitney U-test. Probability of OS and DFS were
estimated according to the method of Kaplan and Meier.

3 Results

3.1 Recruitment of patients and suspension of the study

The initially registered 120 patients were assigned into two
groups, namely, Groups A and B. The clinical character-
istics of the registered patients are shown in Table 1. The
present protocol was originally planned to recruit 200
patients for Groups A and B within 3 years. However, the
recruitment pace was slower than expected and thus the
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study period was extended from 3 years to 4.5 years. At
the end of 2004, that is, after 4.5 years from the start of the
study, the number of registered patients was only 113 in
Groups A and B, which was 56.5% of the target number. At
that point, the committee members discussed the progress
of the MDS200 study and decided to suspend it at the end
of March 2005. Since the final total number of patients did
not reach the target number, we did not statistically com-
pare DFS between Groups A and B, which was the primary
endpoint of this study.

3.2 Characteristics of patients

There were no clear differences in the clinical character-
istics of the patients between Groups A and B, such as FAB
subtype, initial blood cell count, presence of infection,
distribution in the karyotype group and biochemical data,
as well as sex distribution (male/female ratio, 37/16 =
2.315 in Group A, and 52/15 = 3.467 in Group B).

3.3 Treatment outcome

The remission rates were 64.7% in Group A (33 out of 51
evaluable cases) and 43.9% in Group B (29 out of 66
evaluable cases). The 2-year overall survival (OS) rates
were 28.1% in Group A and 32.1% in Group B, and the
2-year DFS rates were 26.0% in Group A and 24.8% in
Group B. The mean duration of CR was 320.6 days
(median: 213 days) in Group A and 378.7 days (median:
273 days) in Group B (Table 2). Reflecting the intensity of
the remission induction chemotherapy, the period of WBC
(<1,000/pL) after the therapy was longer in Group A than
in Group B (19 days and 4 days, respectively). There were
more grade 3 or 4 adverse events during the remission
induction therapy in Group A (19 out of 53 evaluable
patients) than in Group B (13 out of 67 evaluable patients).
This difference was mostly attributable to infectious epi-
sodes (17 patients in Group A and 4 patients in Group B).
In terms of bleeding episodes, 1 patient in Group A and 2
in Group B had grade 3/4 adverse events. The numbers of

Table 2 Treatment outcome (Group A vs. B)

Group A Group B
(n=53) (n = 67)
Remission rate (%) 64.7 439
Mean duration of 320.6 378.7
remission (days) (median: 213) (median: 273)
2-Year survival rate (%) 28.1 32.1
2-Year disease-free 26.0 24.8

survival rate (%)

The remission rates, 2-year overall survival (OS) rates and 2-year
disease-free survival (DFS) rates are shown as percentages
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early death in remission induction chemotherapy (death
within 30 days) were 1 patient in Group A and 3 patients in
Group B (Table 3). The cause of death in each group was
infection or tumor progression. The completion rate of
consolidation therapies were 37.3% in Group A (12 out of
33 evaluable cases), 37.9% in Group B (11 out of 29
evaluable cases). On the other hand, the maintenance
therapies were completed 21.2% in Group A (7 out of 33
evaluable cases), and 15.2% in Group B (5 out of 33
evaluable cases). The numbers of dose attenuation in
Group A were 30 patients of 100% dose, 21 patients of
80% or 60% dose and 2 patients of unknown.

Allogeneic hematopoietic stem cell transplantation
(allo-HSCT) was performed in 11 out of 50 patients (22%)
in Group A and 19 out of 66 patients (28.8%) in Group B.
Among those who received allo-HSCT, the transplantation

Table 3 Toxicity of the induction therapy

A (n=353) B (n =67) P value
(range) (range) (A vs. B)
Period of 19 (0-44) 4 (0-50) <0.0001
WBC <1,000 (day) n =49 n =63
Toxicity (grade 3/4)
Presence 19 13 0.427
Bleeding 2 1 ND
Infection 17 11 0.04
Others 2 2 ND
Early death 1 3 ND

(<30 days)

Statistical analysis between Groups A and B was performed using the
° test or Mann-Whitney U-test

ND not done

Fig. 2 Overall survival. 100
Survival was calculated from
the date of the start of treatment
to the date of death due to any
cause or to the date of the most
recent follow-up. These data
were not censored at the time of
HSCT. All randomized patients
were not included this data in
each group. Due to this reason,
some patients were not known
to be CR or not, but known to be
alive or not

60

40

Probability(%)

20 +

was performed during the first remission in 40%, 21% of
patients in Groups A, B, respectively.

There were 15 patients who lived longer than 1,000 days
after diagnosis: 6, 9 patients in Groups A, B, respectively.
Regarding the transplantation among long-term survivors,
3 out of 6 patients were transplanted in Group A, 6 out of 9
in Group B. Comparing the achievement of CR among
these patients in Groups A and B, all 6 patients in Group A
achieved CR, but only 4 out of 9 patients in Group B
achieved CR.

4 Discussion

In this MDS200 study, patients with high-risk MDS and
AML transformed from MDS (MDS-AML) were treated
with either intensive or low-dose remission induction
therapy, followed by intensive post-remission therapy that
was the same as in the JALSG MDS96 study [13].
Although we did not perform statistical comparison of
DEFS or OS between these two treatment groups due to the
insufficient number of patients enrolled, the results suggest
that there was no significant difference, that is, survival
curves were superimposable (Figs. 2, 3). Intensive chemo-
therapy similar to that for AML can produce a CR rate of
64.7% for high-risk MDS and MDS-AML patients,
whereas low-dose induction therapy can result in a CR rate
of 43.9%. However, among the patients enrolled in this
trial, the difference in CR rate did not lead to better survival
as described above. In terms of adverse events, patients who
received intensive treatment had more grade 3 or 4 adverse
events, particularly infectious events with a longer period of
leukopenia. There was no increase in the number of patients
succumbing to early death (death within 30 days after the

== Group A(n=49)
— Group B(n=60)

R

500 1000 1500 2000
Time(days)
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= Group A(n=28)
— Group B(n=24)

Fig. 3 Disease-/relapse-free 100 A
survival. RFS was calculated
from the date of achieving
complete remission to the date
of relapse, death or the most 5 -
recent follow-up. These data
were not censored at the time of -
HSCT. All randomized patients 8 6 -
were not included this data in =
each group. Due to this reason, E
some patients were not known g
to be CR state or relapse, but g 404
known to be alive or not ™

20

0
0

start of treatment) in Group A, suggesting that intensive
treatment produced higher CR rate, and higher toxicity
resulted in a similar survival rate with low-dose induction
therapy at least during the early phase of treatment.

There are several reasons that could explain why no
difference in survival rate was observed regardless of the
difference in CR rate. One could be the similar post-
remission therapy between Groups A and B, as demon-
strated by the almost similar DFS curves among the two
groups. Another reason could be the disease status at the
time of transplantation for patients in the two groups. In
Group A, 60% of the transplantation was performed during
the period other than that covering the first CR; this was
79% in Group B. Allo-HSCT has been shown to have the
strongest antileukemia effect, and this was also found in
the current study in which 6 out of 15 long-term survivors
received allo-HSCT in Groups A and B. From the view-
point of transplantation, intensive treatment merely selec-
ted cases that were suitable for transplantation, as observed
in the case of transplantation for relapsed AML patients
[17]. There are arguments against remission induction
therapy for MDS patients in that it does not affect post-
transplant prognosis [6, 18]. In the results of JSHCT, the
chemotherapy before undergoing allo-SCT is not necessary
in patients with MDS [6]. A group from the Institute of
Medical Science of Tokyo University performed umbilical
cord blood stem cell transplantation without remission
induction therapy in high-risk MDS patients aged not more
than 55 years and obtained favorable results with reduced
time from diagnosis to transplantation [19]. It is important
to perform clinical studies based on the concept that HCST
should be performed immediately after diagnosis without
remission induction, and determine the types of patients
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who would benefit from remission induction therapy prior
to transplantation in terms of prognosis. In the present
study, although suspended because of the insufficient
number of patients enrolled, it appears that remission
induction therapy with IDR and Ara-C did not produce
better survival than that with low-dose chemotherapy
despite higher CR rate. Therefore, it is suggested that CR
rate is not a suitable surrogate marker for the evaluation of
the outcome of chemotherapy for high-risk MDS and
MDS-AML. In the latest reports, induction chemotherapy
for patients with high-risk MDS and MDS-AML also
provide no survival advantage [20, 21]. Considering the
low survival rate of patients in this category, it is clearly
necessary to introduce new strategies for the treatment of
high-risk MDS and MDS-AML, such as molecular tar-
geting agents and allo-HSCT with reduced-intensity con-
ditioning regimens.
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Abstract To identify a new diagnostic marker for the
immune pathophysiology of aplastic anemia (AA), we
screened sera of immune-mediated AA patients for the
presence of antibodies (Abs) specific to proteins derived
from a leukemia cell line UT-7 using two-dimensional
electrophoresis followed by immunoblotting. The target
proteins were identified by peptide mass fingerprinting.
Heterogeneous nuclear ribonucleoprotein (hnRNP) K was
identified as a novel autoantigen. An enzyme-linked
immunosorbent assay revealed high titers of anti-hnRNP
K Abs in 85 (31%) of 273 patients with AA. Sixty-four
patients received antithymocyte globulin and cyclosporine
after undergoing screening for anti-hnRNP K Ab, anti-
DRS-1 Ab, anti-moesin Ab, and paroxysmal nocturnal
hemoglobinuria (PNH)-type cells. Twenty (87%) of 23
patients with the presence of anti-hnRNP K Abs responded
to the immunosuppressive therapy (IST), while 19 (46%) of
41 patients without the presence of anti-hnRNP K Abs
responded. A multivariate analysis showed only PNH-type
cells and anti-hnRNP K Abs to be significant factors for the
prediction of a good response to IST. The detection of anti-
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hnRNP K Abs as well as PNH-type cells may therefore be
useful for diagnosing the immune pathophysiology of AA.

Keywords Aplastic anemia - hnRNP K - Autoantibody -
Bone marrow failure

Introduction

A large amount of laboratory and clinical data including a
good response to immunosuppressive therapy (IST) suggest
that the immune system attack against hematopoietic stem
cells plays an essential role in the pathophysiology of
aplastic anemia (AA). More than 70% of all patients with
AA respond to IST with antithymocyte globulin (ATG) and
cyclosporine (CsA) [1, 2]. However, IST may be detrimen-
tal to patients with non-immune-mediated AA because it
potentially increases the risk of opportunistic infections and
delays treatment with allogeneic stem cell transplantation.
Several markers predicting good response to IST in patients
with AA have been proposed. These include an increased
ratio of activated T cells [3], increased interferon-y
expression in bone marrow (BM) and peripheral blood T
cells [4, 5], increased expression of heat shock protein 72
[6], the presence of HLA-DRB1*1501, and small popula-
tion of paroxysmal nocturnal hemoglobinuria (PNH)-type
cells [7, 8]. Recent studies have demonstrated the presence
of PNH-type cells to be the most reliable predictor of good
response to IST [9]. However, the method for detecting
small populations of PNH-type cells has not yet been
generalized, possibly due to inter-lab differences in the
sensitivity and the specificity of flow cytometry. PNH-type
cells cannot be utilized to diagnose immune pathophysiol-
ogy when fresh blood containing a sufficient number of
granulocytes from patients is unavailable. Furthermore,
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approximately 48% of AA patients not bearing small
populations of PNH-type cells (PNH™ patients) respond to
ATG and CsA therapy [8]. More reliable and universal
assays that supplement the role of PNH-type cell detection
are therefore required to predict a good response to IST in
patients with AA.

Autoimmune diseases such as multiple sclerosis (MS)
and insulin-dependent diabetes mellitus (IDDM) are char-
acterized by the presence of autoantibodies (auto-Abs)
specific to antigens derived from target organs, such as
myelin basic protein in MS and glutamate decarboxylase in
IDDM. These autoantibodies are detectable in the patients’
sera, and the Abs serve as a marker of the immune
pathophysiology of these diseases [10, 11]. Two auto-Abs
specific to diazepam-binding inhibitor-related protein-1
(DRS-1) and moesin were recently identified in the sera
of patients with AA. These Abs were detectable in 38% and
37% of AA patients bearing increased PNH-type cells
(PNH" patients), but the prevalence of the Abs in PNH"
patients with AA was only 6% and 21%, respectively [12,
13]. Therefore, these Abs do not help in the diagnosis of the
immune pathophysiology in PNH™ patients with AA. The
identification of novel auto-Abs is therefore needed to
improve the accuracy of predicting good response to IST.

This study screened sera from patients with PNH™ AA
for the presence of Abs recognizing antigens derived from a
megakaryocytic leukemia cell line UT-7 using two-
dimensional electrophoresis (2-DE) followed by immuno-
blotting and peptide mass fingerprinting.

Materials and methods

Sera and cell lines

Sera were obtained from 273 Japanese patients with AA at
the time of the diagnosis. Table 1 shows characteristics of
patients with AA. AA was diagnosed at Kanazawa
University hospital and other hospitals taking part in the

bone marrow failure (BMF) study group led by the

Table 1 Patient characteristics

Characteristics Number Range
Total (n) 273 NA
Age at diagnosis (year) 52.7 14-91
Gender (male/female) 141/132 NA
Severity (severe/moderate) 118/155 NA
Neutrophil count (x10%/L) 830 0-2,325
Platelet count (x10%L) 22 2-126
Reticulocyte count (x10°/L) 29 2-114

NA not applicable
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Ministry of Health, Labor, and Welfare of Japan from
December 2007 to March 2009. Sera were also obtained
from 33 Japanese patients with rheumatoid arthritis (RA).
Sera from 96 healthy individuals were used as controls.
Samples were cryopreserved at —80°C until use. UT-7 was
kindly provided by Dr N. Komatsu of Jichi Medical School.
OUN-1, a cell line derived from chronic myelogenous
leukemia, was kindly provided by Dr M. Yasukawa of the
Ehime University. K562 and HL-60 cell lines were
purchased from the Health Science Research Resource
Bank (Osaka, Japan). All patients and healthy individuals
provided their informed consent in accordance with the
Declaration of Helsinki before sampling. This study was
approved by the human research ethical committee of
Kanazawa University Graduate School of Medical Science.

Detection of PNH-type cells

Peripheral blood was subjected to high-sensitivity two-
color flow cytometry to detect small populations of
glycosylphosphatidylinositol-anchored membrane protein-
deficient cells in granulocytes and erythrocytes, as de-
scribed previously [8]. The presence of >0.003%
CD557CD59°CD11b" granulocytes and >0.005%
CD55CD59 glycophorin-A™ erythrocytes was defined as
an abnormal increase based on the results of 183 healthy
individuals [9].

2-DE and western blotting

2-DE was performed as described previously with some
modifications [14]. A total of 10° UT-7 cells were
solubilized with sample preparation solution containing
7 M urea, 2 M thiourea, 4% CHAPS, 2% immobilized pH
gradients (IPG) buffer pH 3-10, and 40 mM dithiothreitol
(DTT; GE Healthcare, Tokyo, Japan), and the sample was
diluted to 125 pl with thiourea rehydration buffer contain-
ing 7 M urea, 2 M thiourea, 2% IPG-buffer pH 3-10,
0.002% bromophenol blue, and 2.8 mg/ml DTT. Before
loading into IPG-strips, the diluted sample was cleared by
centrifugation (13,000 rpm for 20 min), applied to 7-cm
non-linear Immobiline DryStrip of pH 3-10 (GE Health-
care) and incubated for 12 h at room temperature; then the
IPG strip was subjected to first-dimensional isoelectric
focusing electrophoresis (IFE) using the flatbed multiphor
II electrophoresis system (GE Healthcare). The IPG strip
after IFE was equilibrated twice at room temperature for
10 min with 10 ml of SDS equilibration buffer solution
(6 M urea, 75 mM Tris—HCI pH 8.8, 29.3% glycerol, 2%
SDS, 0.002% bromophenol blue, and 100 mg DTT or
250 mg iodoacetamide) and subjected to second dimen-
sional SDS-PAGE. Separated proteins were transferred onto
a polyvinylidene fluoride (PVDF) membrane (Millipore
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Corporation, Bedford, USA) for 1.5 h at a constant current
of 190 mA using a Mini Trans-Blot system (Bio-Rad,
Hercules, CA) or visualized by Coomassie Brilliant Blue
(CBB) staining. The blotted PVDF membranes were
incubated in the presence of Tris-buffered saline (TBS)
with 1% bovine serum albumin (BSA) containing serum
diluted 1:200 from the patients, serum diluted 1:200 from
healthy individuals or 1:2,000 diluted mouse anti-human
heterogeneous nuclear ribonucleoprotein (hnRNP) K/J
monoclonal Ab (mAb, clone 3C2, Sigma, USA), and then
were reacted with appropriate alkaline phosphatase-labeled
secondary Abs and the immunoblots were detected using a
BCIP/NBT membrane alkaline phosphatase substrate sys-
tem (KPL, Gaithersburg, MD, USA).

[solation of CD34" cell

CD34" cells were isolated from the BM of healthy
volunteers using a CD34 progenitor cell isolation kit
(Miltenyi Biotec, Bergisch Gladbach, Germany) according
to the manufacturer’s instructions.

Protein identification

The proteins recognized by serum Abs were identified as
previously describe [15, 16]. Briefly, after SDS-PAGE,
proteins were visualized by CBB staining, and the pieces of
the gel corresponding to western blotting-positive spots
were excised, followed by in-gel digestions with trypsin.
Molecular mass analyses of tryptic peptides were per-
formed by matrix-assisted laser desorption/ionization time
of flight mass spectrometry (MALDI-TOF MS) using an
ultraflex TOF/TOF system.

Construction of the recombinant plasmid and purification
of bacterially expressed protein

Full-length hnRNP K cDNA kindly provided by H.
Sorimachi (Tokyo Metropolitan Organization for Medical
Research) was subcloned into the pGEX-6p-1 vector (GE
Healthcare) for the expression of glutathione-S-transferase
(GST) fusion protein. Synthesized proteins were purified by
glutathione sepharose 4B (GE Healthcare) according to the
manufacturer’s instructions. Native hnRNP K proteins were
released from GST-hnRNP K fusion proteins using PreS-
cission protease (GE Healthcare). The recombinant protein
was confirmed by CBB staining and western blotting with
anti-hnRNP K/J mAb.

Immunoprecipitation

Immunoprecipitation detection of anti-hnRNP K Abs using
sera from patients with AA was performed according to the
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instructions of the Seize X Protein G Immunoprecipitation
Kit (Pierce, Illinois, USA). Briefly, 10 pl of serum samples
were incubated for 2 h at 4°C with 400 pl protein G-
agarose beads (Pierce), and then the beads were washed
three times with binding/wash buffer with centrifugation
(10,000xg for 3 min). The beads were incubated in 200 pl
of binding/wash buffer containing 1 pg of purified native
hnRNP K protein for overnight at 4°C; then the beads were
pelleted by centrifugation (10,000xg for 3 min). Thereafter,
they were washed five times before the proteins were eluted
from the beads with 50 pl of elution buffer for SDS-PAGE
and western blotting with anti-hnRNP K/J mAb.

Determination of hnRNP K expression by hematopoietic cells

Lysates of myeloid leukemia cell lines, CD34", and
peripheral blood mononuclear cells (PBMCs) from healthy
individuals were obtained by suspending cell pellets in
100 ul of phosphate-buffered saline (PBS) containing
protease inhibitor cocktail (Sigma Aldrich), sonicated on
ice for 20 s using a B-12 Branson sonifier (Danbury, CT,
USA). The cell lysates were then denatured in boiling SDS
sample buffer. Equal amounts of proteins were separated by
SDS-PAGE and transferred onto PVDF membrane. The
membrane was incubated in 1% BSA-TBS containing
1:2,000 diluted anti-hnRNP K/J mAb or 1:5,000 diluted
mouse anti-human o-tubulin mAb (clone B-5-1-2, Sigma,
USA), respectively.

Enzyme-linked immunosorbent assay

Fifty microliters of coating buffer (50 mM carbonate/
bicarbonate buffer, pH 9.6) containing 1 pg/ml recombinant
native hnRNP K protein, recombinant native DRS-1
protein, or recombinant native moesin protein was added
to each well of a 96-well Nunc-Immuno plate (Nalge-Nunc
International, Roskilde, Denmark) and kept overnight at
4°C. The plates were washed and incubated with PBS
containing 10% fetal bovine serum for 2 h at 37°C to block
nonspecific binding. The sera from patients were added to a
final dilution of 1:200 at room temperature for 2 h. After
washing, the plates were incubated with 100 pl of
peroxidase-conjugated goat anti-human IgG Ab
(1:100,000; Jackson ImmunoResearch) at room temperature
for 1 h. Finally, plates were washed and incubated with
3,3,5,5-tetramethylbenzidine substrate (Pierce, Rockford,
IL) at room temperature for 30 min, and the optic density
(OD) absorbance at 450 nm was read using a SLTEAR 340
ATELISA reader (SLT-Labinstruments, Grodig, Austria). A
positive reaction (Ab") was defined as an absorbance value
exceeding the mean+2 standard deviation (SD) of the OD
absorbance values from the sera of the 96 healthy
individuals.
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Immunosuppressive therapy

Sixty-four patients with AA were treated with ATG (Lympho-
globuline, Aventis Behring, King of Prussia, PA) 15 mg/kg/day,
5 days, plus CsA (Novartis, Basel, Switzerland) 6 mg/kg/day
within 1 year of diagnosis between December 2007 and March
2009. The dose of CsA was adjusted to maintain trough levels
between 150 and 250 ng/ml, and the appropriate dose was
administered for at least 6 months. Granulocyte colony-
stimulating factor (G-CSF; filgrastim, 300 pg/m? or lenogras-
tim, 5 pg/kg) was administered to some patients. The
response to IST was assessed at 6 months after the IST
according to the criteria proposed by Camitta [17].

Statistics

Differences in the prevalence of hnRNP K Abs among
different groups were examined using a one-way analysis
of variance. Correlations of anti-hnRNP K Ab titers with
anti-moesin Ab titers or anti-DRS-1 Ab titers in individual
patients were examined using student ¢ test. The prevalence
of anti-hnRNP K Abs between untransfused and transfused
patients and the response rate to IST between Ab* and Ab~
patients were examined using the Fisher’s exact test.
Logistic procedures and Fisher’s exact test were used to
analyze the associations between the response to IST and
the prevalence of increased PNH-type cells, gender, age,
severity, or three different Abs.

Results
Detection of novel auto-Abs in AA patients’ sera

To detect auto-Abs specific to proteins derived from UT-7
cells, cell lysates were separated by 2-DE and subjected to
western blotting using sera obtained from two PNH"
untransfused patients with AA at the time of diagnosis.
The sera from two patients revealed the same spot with a
size of 65 kDa (Fig. la—ii) which was not seen on the
membrane incubated with healthy individual sera
(Fig. la—iii). The approximate isoelectric point was
between 5 and 6.

Identification of the 65-kDa protein

The stained spot corresponding to the one showing positive
reaction in the western blotting (Fig. la-i) was excised
from the CBB stained gel. The proteins were eluted from
the excised gel after in-gel enzyme digestion and were
subjected to MALDI-TOF MS. The protein was identified
as hnRNP K of which isoelectric point is 5.46. Anti-hnRNP
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K/J mAb revealed the same spot identified by the
incubation with the patient sera (Fig. la—iv). Specific
binding of the patients’ anti-hnRNP K Abs to hnRNP K
was confirmed by an immunoprecipitation analysis
(Fig. 1b).

Expression of hnRNP K by hematopoietic cells

The level of expression of hnRNP K was greater in several
myeloid leukemia cell lines such as HL-60, OUN-1, UT-7,
and K562 than in PBMCs from healthy individuals, but
there was no difference in the hnRNP K expression level
between CD34" cells and PBMCs from healthy individuals

(Fig. 2).

Prevalence of anti-hnRNP K Abs in patients
with AA and RA

The titers of Ab specific to hnRNP K in the sera of 273 AA
and 33 RA patients were determined using enzyme-linked
immunosorbent assay (ELISA) with the recombinant human
native hnRNP K proteins (Fig. 3a). The titers of Ab specific
to hnRNP K in the sera of 273 AA and 33 RA patients were
determined using ELISA with the recombinant human native
hnRNP K proteins (Fig. 3a). High titers of anti-hnRNP K
Abs (> the mean+2SD of the titers of healthy individuals,
anti-hnRNP K Ab*) were detected in 85 (31%) of the AA
patients and in eight (24%) of the RA patients. There was no
significant difference in the prevalence of anti-hnRNP K Abs
between AA and RA patients (P>0.05). There was no
difference in the prevalence of anti-hnRNP K Abs between
untransfused (27%) and transfused (33%) AA patients (P=
0.33). Small populations of PNH-type cells were detectable
in 155 (56%) of the AA patients, and the prevalence of anti-
hnRNP K Abs in PNH" and PNH™ AA patients was 36%
and 25%, respectively.

Correlation of anti-hnRNP K Abs with other auto-Abs

Anti-hnRNP K Ab with anti-DRS-1 Ab or anti-moesin Ab
titers were measured from the same patients’ sera to
determine the relationship between these Abs. The anti-
DRS-1 Abs and anti-moesin Abs were detectable in 29%
and 28% of the 273 patients with AA, respectively. The
titers of anti-hnRNP K Abs positively correlated with the
presence of anti-DRS-1 Abs (r=0.5838) and anti-moesin
Abs (r=0.7239; P<0.0001; Fig. 3b).

Correlation of anti-hnRNP K Abs with response to IST

Sixty-four patients with AA of the 273 patients received
ATG plus CsA therapy after the screening of three different
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Fig. 1 Identification of the pro-
teins derived from UT-7 cells
recognized by serum Abs. a
hnRNP K auto-Ab in serum
from patient with AA. i UT-7
cell lysates were separated by
2-DE and visualized by CBB
staining. The protein spot
indicated by the arrow was
identified as hnRNP K by

mass spectrometry. ii UT-7 cell
lysates were separated by 2-DE,
transferred onto PVDF mem-
brane, and then incubated with
diluted AA patient serum
(1:200). iii PVDF membrane
was incubated with diluted
healthy individual serum
(1:200). iv PVDF membrane
was incubated with diluted
anti-hnRNP K/J mAb (1:2,000).
b Immunoprecipitation detection
of anti-hnRNP K Ab in the sera
of patients with BMF. An equal
amount of purified native
hnRNP K proteins was
incubated in the serum from
AA patients (lanes 2, 4, and )
and healthy individuals’ sera
(lanes 3 and 6). Anti-hnRNP
K/J mAb at a 1:2,000 dilution

pI=10.0
(iv)

was used as a positive control

(lane 7)

Abs and PNH-type cells. Twenty (87%) of 23 patients with
anti-hnRNP K Ab" responded to the IST, while 19 (46%) of
41 patients with anti-hnRNP K Ab™ responded (P=0.0015,
Fig. 4a). When anti-hnRNP K Ab" patients were divided
into two groups according to the Ab titers, there was no
difference in the response rate to IST between very high

[}
g - o (o] =
= = 7~ o z
S s 2 3§ % %
anti-hnRNP K Ab 8 gne s =il o
anti-a-tubulin Ab B G B g Wy B

Fig. 2 Expression of hnRNP K by immature hematopoietic cells and
PBMCs. An equal amount (20 pg) of cell extracts or recombinant
hnRNP K protein was separated by 8% SDS-PAGE, transferred to
PVDF membrane, and reacted with anti-hnRNP K/J mAb at a 1:2,000
dilution or anti-a-tubulin mAb at a 1:5,000 dilution
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titer (>0.4, 93%) and moderately high titer (<0.4, 87%)
groups (P=1.00). The response rate to IST in patients with at
least one Ab” of three auto-Abs including anti-hnRNP K Ab,
anti-DRS-1 Ab, and anti-moesin Ab was 81%, while the
response rate in patients not showing Ab" in any of the three
auto-Abs was 42% (P=0.0022; Fig. 4b). In 32 patients not
displaying PNH-type cells, the response rate to IST with
anti-hnRNP K Ab" was 86%, while only 32% patients with
anti-hnRNP K Ab~ responded (P=0.0265; Fig. 4c). Multi-
variate analysis showed the presence of anti-hnRNP K Abs
and PNH-type cells to be significant factors in the prediction
of good response to IST (Table 2). Anti-hnRNP K Ab titers
could be serially determined for 13 patients before and 6—
7 months after IST. Four of the 13 patients showed high anti-
hnRNP K Ab titers before IST. The Abs titers did not
decrease either in three patients (pre-IST/post-IST: 0.3625/
0.3635, 0.513/1.2455, 0.2875/0.2932) responding to IST or
in one patient refractory to IST (0.413/0.318).
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Discussion

The present study identified anti-hnRNP K Abs as a novel
auto-Ab in the serum of patients with immune-mediated
AA. hnRNPs are among the most abundant proteins in the
eukaryotic cell nucleus and play a direct role in several
aspects of RNA activity including splicing, export of the
mature RNAs, and translation. Approximately 30 hnRNPs
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 Fig. 3 Titration of anti-hnRNP K Abs in patients’ sera using ELISA.
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a Antibody titers against purified hnRNP K proteins in the sera were
determined using diluted sera at a 1:200 dilution. The dotted line
denoted a cutoff value defined as the mean+2SD of the absorbance in
96 healthy individuals. Asterisks indicate a prevalence of hnRNP K
Ab titers in PNH™ AA, PNH™ AA, and RA patients’ sera significantly
higher than that of hnRNP K Ab titers in healthy individuals (*P<
0.05; ns no significant meaning). b The correlation between the titers
of anti-hnRNP K Ab and either anti-DRS-1 Ab or anti-moesin Ab
from the same sera obtained from AA patients was examined. Titers of
Abs specific to native hnRNP K, DRS-1, and moesin protein were
determined using diluted sera at a 1:200 dilution, and correlations of
anti-hnRNP K Ab titers with each of other two Ab titers (i and ii) were
calculated (P<0.0001)

have been identified [18]. More and more evidence points
to hnRNPs as important intracellular target antigens of the
autoimmune response in autoimmune diseases [19-25].
hnRNP K is a conserved RNA/DNA-binding protein which
is involved in the multiple steps that comprise both gene
expression and signal transduction [26, 27]. It is unclear
precisely how the anti-hnRNP K Abs were raised in a
subset of AA patients. The overexpression of hnRNP K has
been linked to a range of cancers including breast cancer,
hepatocellular carcinoma, esophageal cancer, and colorectal
cancer [28-31]. The hnRNP K protein expression was
observed to increase in the CD34" bone marrow cells of
patients with CML in the accelerated and blastic phase, but
it did not increase in the CD34" cells of chronic phase CML
patients and of healthy donors [32]. The present study
failed to detect an increased expression of hnRNP K protein
by CD34" cells from healthy individuals as well. However,
an increased expression of hnRNP K was detectable in all
of the examined myeloid leukemia cell lines. It is therefore
possible that the destruction of immature hematopoietic
cells that express high levels of hnRNP K may induce a
specific immune response to hnRNP K in patients with
immune-mediated AA.

The ELISA detected significantly higher titers of anti-
hnRNP K Abs in comparison to healthy controls in 56
(36%) of 155 patients with immune-mediated AA display-
ing increased PNH-type cells and in 29 (25%) of 118
patients without increased PNH-type cells in the current
study, and there was no significant difference in the
prevalence of anti-hnRNP K Abs between these two
groups. High titers of anti-hnRNP K Abs were also detected
in 24% of RA patients not showing apparent signs of
pancytopenia. Similarly, a previous study demonstrated the
presence of anti-hnRNP K Abs in 14% of RA patients [33].
Therefore, anti-hnRNP K Ab is not considered to be a
specific marker for the presence of the immune attack
against hematologic stem cells. However, a case—control
study on AA conducted by the International Agranulocy-
tosis and AA Study revealed that a past history of RA is
significantly associated with the subsequent development of
AA [34], and previous studies revealed the presence of anti-



Ann Hematol (2010) 89:1255-1263 1261
(a) (b) (c)
100~ 100~ . — 100~
b 5 b
2 e )
2 50} 2 50 2 50+
8 g g
3 3 3
& « &
0
0 (+) (— (+) (—) Y (+) (=)
(n=23) (n=41) (n=31) (n=33) (n=7) (n=25)

Fig. 4 The relationships between anti-hnRNP K Abs and response
rate to IST in patients with BMF. The response rates to IST were
compared between the following patient groups. a Patients with anti-
hnRNP K Abs (+) and those without anti-hnRNP K Abs (-). b

moesin Abs in 14% of patients with RA and in 37% of
patients with AA [13, 35]. These findings suggest that AA
and RA may share pathogenetic mechanisms characterized
by a breakdown of immune tolerance to moesin and hnRNP
K. It remains unclear why bone marrow failure develops
only in AA despite the sharing of immune mechanisms.
Although a breakdown of immune tolerance toward
multiple autoantigens occurs in both diseases, the break-
down toward antigens on hematopoietic stem cells may
occur only in patients with AA.

A strong correlation was found between the presence of
anti-hnRNP K Abs and that of anti-DRS-1 Abs or anti-moesin
Abs in patients with AA in the present study, indicating that a
propensity of patients with immune-mediated AA thus
undergo a breakdown of immune tolerance toward multiple
autoantigens, possibly including pathogenic autoantigens in
AA. Therefore, anti-hnRNP K Abs may serve as an indirect
marker for the presence of immune pathophysiology of AA.
Indeed, the presence of anti-hnRNP K Abs predicted a
response to IST either by itself or in combination with anti-
DRS-1 Abs or anti-moesin Abs, even in PNH™ patients with
AA (Fig. 4). Among the three different Abs, only the
presence of anti-hnRNP K Abs proved to be a significant
factor for a good response to IST based on a multivariate

Patients showing at least one Ab" of three auto-Abs (+) and patients
not showing Ab" in any of the three auto-Abs (-). ¢ PNH™ patients
with anti-hnRNP K Ab* (+) and those anti-hnRNP K Ab™ (=) (***P=
0.0015, **P=0.0022, *P=0.0265)

analysis. Therefore, the detection of anti-hnRNP K Abs
alone or together with anti-DRS-1 Abs and anti-moesin Abs
may be useful in choosing the optimal therapy for AA
patients, particularly when PNH-type cell detection is
inapplicable. Recent reports showed that some patients with
AA improved with anti-CD20 Ab (rituximab) therapy [36,
37]. The detection of these auto-Abs may also be useful for
identifying AA patients who are likely to respond to such
anti-CD20 Ab therapy.

Fritsch et al. [38] recently reported that hnRNP A2-
specific T cell clones from patients with RA show a strong
Th1 phenotype and secrete higher amounts of IFN-y than
Th1 clones from controls. Inhibition experiments performed
with mAb specific to MHC class II molecules show that the
hnRNP A2-induced T cell responses are largely HLA-DR
restricted. CD4" T cells play an important role in the
development of AA as well as of HLA-DRB1*1501 [9,
12]. Specific immune responses to hnRNP K may induce
the polarization of Thl CD4" cells and may thereby
contribute to development of AA. Identification of hnRNP
K-specific T cells with HLA class 1l tetramers and a
functional analysis of those would help further clarify the
roles of immune response specific to hnRNP K in the
pathophysiology of AA.

Table 2 Pretreatment variables
associated with a response to
ATG plus CsA therapy

?Fisher’s exact probability test

®Wald ¢? test for a logistic regres-
sion model

Favorable factors P value
Univariate® Multivariate®
Gender (male vs. female) 1.0000 0.8770
Age (at least 40 years vs. younger) 1.0000 0.4380
Severity (severe vs. moderate) 0.5085 0.8540
PNH-type cell (positive vs. negative) 0.0097 0.0370
Anti-DRS-1 Abs (positive vs. negative) 0.5610 0.7800
Anti-moesin Abs (positive vs. negative) 0.0036 0.5800
Anti-hnRNP K Abs (positive vs. negative) 0.0004 0.0120
@ Springer
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Abstract

Glycosylphosphatidylinositol-anchored protein-deficient (GPI-AP™) T cells can be detected in some patients
with bone marrow failure (BMF), but the link between these cells and BMF pathophysiology remains to be
elucidated. To clarify the significance of GPI-AP™ T cells in BMF, peripheral blood from 562 patients was
examined for the presence of CD48°CD597CD3* cells using high-resolution flow cytometry (FCM), and
the GPI-AP™ T cells were characterized with regard to their phenotype and sensitivity to inhibitory
molecules, including herpesvirus entry mediator (HVEM) and a myelosuppressive cytokine, TGF-8. A
multi-lineage FCM analysis detected CD48"CD59 CD3™ T cells in 72 (12.8%) of the patients, together with
GPI-AP™ myeloid cells. Unexpectedly, 12 patients (10 with aplastic anemia and 2 with myelodysplastic
syndrome-refractory anemia, 2.1%), who showed clinical features similar to those of other BMF patients
with GPI-AP™ myeloid cells, such as a good response to immunosuppressive therapy, displayed 0.01-
0.3% GPI-AP™ cells exclusively in T cells. The CD48°CD59~ T cells consisted of predominantly effector
memory (EM) and terminal effector cells, while CD48"CD59™ T cells from non-BMF patients who had
received anti-CD52 antibody only showed EM and central memory phenotypes. TGF- and HVEM capable
of inhibiting T-cell proliferation via its GPI-AP CD160 ligation suppressed the in vitro proliferation of GPI-
AP* T cells more potently than that of GPI-AP™ T cells from the same patients. The presence of GPI-AP™ T
cells, as well as GPI-AP™ myeloid cells, may therefore reflect the immunopathophysiology of BMF in which
cytokine-mediated suppression of hematopoietic stem cells via GPI-AP-type receptors takes place.
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Small populations of glycosylphosphatidylinositol-
anchored protein-deficient (GPI-AP™) blood cells are
often detectable in the peripheral blood (PB) of patients
with aplastic anemia (AA) and low-risk myelodysplastic
syndrome (MDS) such as refractory anemia (RA) and
refractory cytopenia with multilineage dysplasia (1-6).
Although such GPI-AP™ blood cells often comprise
<1% of granulocytes or erythrocytes, they are thought
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to be derived from hematopoietic stem cells (HSCs) with
a PIGA mutation rather than committed progenitor cells
because GPI-AP~ granulocytes persists for many years,
maintaining their individual scattergram profiles (7). Sev-
eral studies have identified the presence of small popula-
tions of GPI-AP™ cells as a significant factor predicting a
good response to immunosuppressive therapy (IST) in
patients with AA and low-risk MDS (4-6, 8-10).
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Immune mechanisms are therefore thought to be
involved in the increase in the GPI-AP™ cells in such
bone marrow failure (BMF), though the exact mecha-
nisms responsible for the increase in the GPI-AP™ cells
remain unknown.

The most widely accepted mechanism for clonal
expansion of GPI-AP™ cells in patients with BMF is the
‘escape hypothesis’, which states that the relative number
of PIGA mutant HSCs increases by avoiding immuno-
logic attacks by T cells or NK cells (11-17). Consistent
with the escape hypothesis, GPI-AP deficient cells are
usually detectable in many lineages of cells, including
monocytes, lymphocytes and NK cells, in addition to
granulocytes and erythrocytes, in patients with classical
paroxysmal nocturnal hemoglobinuria (PNH) (18-21).
However, the screening of multi-lineage PB cells from
patients with BMF for the presence of GPI-AP™ cells
using high-sensitivity flow cytometry unexpectedly
revealed a few patients who showed GPI-AP™ cells only
in T cells (unpublished observation). The presence of
GPI-AP™ T cells alone appeared to contradict the escape
mechanism because T-cell precursors are not the target
of immune system attack in BMF. Therefore, the multi-
lineage analysis was extended to a larger number of
patients to determine the significance of GPI-AP™ T cells
in patients with BMF. The phenotypic and functional
analyses of such GPI-AP™ T cells provided evidence that,
just like GPI-AP™ myeloid cells, GPI-AP™ T cells reflect
the immunopathophysiology of BMF, in which the cyto-
kine-mediated suppression of HSCs via GPI-AP-type
receptors takes place.

Patients and methods

Patients and healthy volunteers

The PBs of 562 patients with various types of cytopenias
were examined for the presence of GPI-AP™ cells using
high-sensitivity flow cytometry. Their diagnoses included
classic PNH in 13, AA in 348, and MDS-RA in 201. The
subgroups of MDS were defined according to the FAB
classification (22). The male-to-female ratio was 1:1.2
(255 :307), and the median age was 56 yr (range:
1-95 yr). PB samples from three patients (one with acute
myelogenous leukemia and two with AA) who were con-
ditioned with alemtuzumab (Campathl-H), a humanized
monoclonal antibody (mAb) specific to CD52, for alloge-
neic stem cell transplantation as well as from 57 healthy
individuals were also examined for the presence of GPI-
AP~ cells in all lineages of cells. All patients and healthy
individuals provided their informed consent before sam-
pling. This study protocol was approved by the ethics
committee of Kanazawa University Graduate School of
Medical Science.

© 2011 John Wiley & Sons A/S 100
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Monoclonal antibodies (mAbs)

mAbs used for multicolor flow cytometry were anti-
CD59 labeled with FITC (P282E, I1gG2a; Beckman
Coulter, Miami, FL, USA), anti-CD59 labeled with PE
(H19, 1gG2a; BD Pharmingen, San Diego, CA, USA),
anti-CD55 labeled with FITC (IA10, IgG2a; BD
Pharmingen), anti-CD48 labeled with FITC (J4-57,
IgG1; Beckman Coulter), anti-CD48 labeled with PE
(156-4H9, 1gGl; eBioscience, San Diego, CA, USA),
anti-CD33 labeled with APC (D3HL60.251, IgGl;
Beckman Coulter), anti-CD19 labeled with APC-Cy7
(SJ25C1, IgGl; BD Pharmingen), anti-CD335 labeled
with PE (BAB281, IgGl; Beckman Coulter), anti-CD3
labeled with PerCP-Cy5.5 (SK7, IgGl; BD Pharmin-
gen), anti-CD3 labeled with APC (UCHTI, IgGl;
Beckman Coulter), anti-CD11b/Mac-1 labeled with PE
(ICRF44, IgG1l; BD Pharmingen), anti-glycophorin A
labeled with PE (JC159, IgG1; Dako, Carpenteria, CA,
USA). Phenotypic analysis of GPI-AP-deficient CD3™
T lymphocyte was carried out by additional staining
with mAbs specific to CD45RA labeled with PE
(HI100, 1gG2b; BD Pharmingen), CD62L labeled with
APC (DREG-56, IgGl; BD Pharmingen), CDI197
labeled with PE-Cy7 (3D12, IgG2a; BD Pharmingen),
CD4 labeled with APC-Cy7 (RPA-T4, IgGl; BD
Pharmingen), CD8 labeled with APC-Cy7 (SK1, IgGl;
BD Pharmingen).

Flow cytometry for detecting GPI-AP~ cells and
determining GPI-AP~ T-cell phenotype

Six lineages of blood cells including granulocytes,
erythrocytes, monocytes, T cells, B cells and NK cells
were subjected to high-sensitivity flow cytometry for
detecting small populations of GPI-AP™ cells. All blood
samples were analysed within 24 h to avoid false-posi-
tive results because of cell damages. The staining with
the each mAb in this study was performed according to
the well-established lyse-stain protocol, previously
described in detail (6, 23). Briefly, 3-5 mL of heparin-
ized blood was drawn from the patients and healthy
individuals. Erythrocytes were lysed in the lysis buffer
containing NH4Cl 8.26 g¢/L, KHCO; 1.0 g/L, and
EDTA - E4Na- 0.037 g/L to detect GPI-AP™ leukocytes.
After washing with saline, 50 uL of the leukocyte sus-
pension was incubated with FITC-labeled anti-CDS55
and anti-CD59 mAbs for granulocytes or FITC-labeled
anti-CD48 and anti-CD59 mAbs for monocytes, T cells,
B cells and NK cells in combination with mAbs specific
for lineage markers including PE-labeled CDI11b for
granulocytes, APC-labeled CD33 for monocytes, PerCP-
Cy5.5-labeled CD3 for T cells, APC-Cy7-labeled CD19
for B cells and PE-labeled CD335 for NK cells. Fresh
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blood was diluted to 3% in phosphate-buffered saline
(PBS), and then 50 uL was incubated with PE-labeled
anti-glycophorin A and FITC-labeled anti-CD55 and
anti-CD59 mAbs on ice for 30 min to detect GPI-
AP™ erythrocytes. Three-step gating excluded the debris
and immature granulocytes that are frequently found
in samples from patients with MDS. Step 1 involved
the gating of granulocyte, lymphocyte or monocyte
populations from the FSC-SSC scattergrams (R1). Step
2 involved the gating of the lineage marker®eht
population on the lineage marker-SSC scattergram to
exclude the lineage marker®™ cells that are features of
either damaged cells or immature cells. Step 3 was the
gating of R1x R2 and the analysis of 10°cells on
R1 x R2 scattergrams. The presence of 20.005%
CD55 CD59"GP-A™ erythrocytes, 20.003% CD55~
CD59°CD11b™ granulocytes, and 20.01% CDS55~
CD59~ CD33% monocytes, CD48°CD59~ CD3" T
cells, CD48°CD59°CD19" B cells and CD48 CD59~
CD335% NK cells was defined as an abnormal increase
(positive) based on the results obtained from 57 healthy
individuals (6). When GPI-AP™ cells were detected in
only one lineage of cells or the percentages of
GPI-AP™ cells were <0.01%, then additional samples
were tested, and the patients were judged to be PNH™
when the examination results of the first and second
samples were identical.

The phenotype of GPI-AP-deficient-CD3™ T lympho-
cyte was determined using anti-CD45RA, anti-CD62L
and anti-CCR7 mAbs and the percentages of four different
T-cell subsets including naive (CD45RA " CD62L " CCR7™),
central memory (CM) (CD45RACD62L"CCR7™),
effector memory (EM) (CD45RA™CD62L"CCR77), and
terminal effector memory (TEM) (CD45RA “CD62L"
CCRT7") cells were determined according to the methods
defined by previous reports (24, 25).

Data acquisition was performed immediately after
sampling using FACSCanto II, and the data were
analysed using the FACSDivA software program and
percentage of each population was calculated by FLowJo
software 7.6.1 (Treestar, Ashland, OR, USA).

T cell culture

PB mononuclear cells (PBMCs) were isolated using density
gradient centrifugation on Ficoll/Hypaque (Fresenius
Kabi Norge AS, Halden, Norway). A sample of 1 x 10°
PBMCs were cultured in RPMI1640 containing
10 pg/mL phytohemagglutinin (Sigma, St. Louis, MO),
10% fetal bovine serum (FBS), 50 U/mL penicillin,
50 ug/mL streptomycin and 100 IU/mL IL-2 for 7 d.
After washing with RPMI11640, the cultured cells were
subjected to cell sorting in order to analyse the PIGA
gene as described in the following paragraphs.

228

Katagiri et al.

Cell sorting and PIGA gene analysis

CD48"CD59"CD3™ freshly isolated or cultured T cells
were separated from CD3™ T cells with a cell sorter
(JSAN; Bay Bioscience, Kobe, Japan). More than 95%
of the sorted cells were GPI-AP deficient. An analysis of
the PIGA gene mutation was performed as described pre-
viously (26). Briefly, the coding regions of PIGA were
amplified by nested or semi-nested PCR using 12 primer
sets, and six ligation reactions were used to transform
competent Escherichia coli JM109 cells (Nippon Gene,
Tokyo, Japan). Five clones were selected randomly from
each group of transfectants and subjected to sequencing
with BIGDYE Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems, San Diego, CA, USA) and an ABI
PRISM 3100 Genetic Analyzer (Applied Biosystems).

Preparation of CD3"* T cells and mAb-coated latex
beads

CD3™ T cells were purified from freshly isolated PBMCs
by depleting non-CD3* T cells with magnetic beads
using Pan T cell isolation II kit II (Miltenyi, Bergisch
Gladbach, Germany); purity was judged to be over 95%
by flow cytometry. Latex beads (Miltenyi) were coated
with various concentration of anti-CD3 (OKT3; Milte-
nyi) and anti-CD28 mAbs (15E8; Miltenyi), or various
concentrations of human herpesvirus entry mediator
(HVEM)-1g (mIgG1 Fc; 100-330; R&D Systems, Minne-
apolis, MN, USA) or mouse IgG1 (27). The mixture of
latex beads were suspended in PBS and incubated for 2 h
at 37°C in humid air containing 5% CO,. The latex
beads were washed once with RPMI1640 medium con-
taining 10% FBS for 30 min at 37°C. The beads were
then washed three times with PBS and thereafter were
used for T-cell stimulation.

Carboxyfluorescein diacetate succinimidyl diester
(CFSE) assay

CD3™ T cells were washed twice with PBS and were sus-
pended in PBS at the concentration of 5 x 10° cells/mL.
One milliliter of the cell suspension was mixed with an
equal volume of PBS containing 1 uM CFSE (Invitrogen,
Carlsbad, CA, USA), and incubated for 10 min in a
humidified atmosphere containing 5% CO, at 37°C with
occasional mixing. Labeling was quenched by the addi-
tional of an equal volume of cold FBS, and incubated
for 5 min on ice. The cells were then centrifuged and
washed three times in PBS containing 1% bovine serum
albumin followed by two washes with RPMI1640 con-
taining 5% autologous serum. The cells were plated at a
density of 1 x 10° cells/mL in 96-well U-bottomed plates
and were incubated in the presence of anti-CD3
mAb-coated and anti-CD28 mAb-coated beads with or
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without HVEM fusion protein or TGF-f (Peprotech,
Rocky Hill, NJ, USA) at various concentrations. The
CFSE levels in the cultured T cells were then determined
10 d later by flow cytometry. The inhibitory effects of
HVEM or TGF-f on the T-cell proliferation was
assessed by comparing the mean percentage of cells that
underwent cell division in the presence of the inhibitory
molecules with that of the control culture.

Statistical analysis

The differences in the inhibition of the decline in the
CFSE level by HVEM or TGF-f between GPI-AP" and
GPI-AP™ T cells of individual patients were assessed by
the Student’s #-test.

Results

GPI-AP™ T cells in patients with BMF

Significant populations of GPI-AP™ cells were detectable
in at least one lineage of cells from 252 (44.8%) of 562
patients with BMF and CD48"CD59"CD3" T cells were
detected in 72 (12.8%) of the patients. Clone sizes of
GPI-AP™ cells in different lineages of cells in patients
with increased GPI-AP™ cells are summarized in Table 1.
The GPI-AP™ cells were also detected in two or more lin-
eages of cells including granulocytes or monocytes in 60
of the GPI-AP™ T cell™ patients (Fig. 1A-C). However,
the remaining 12 (2.1%) patients showed GPI-AP™ cells
only in T cells (Fig. 1D). The similar percentages (0.01-
0.3%) of GPI-AP™ T cells were detectable in different
samples obtained from the patients at intervals of 2—
6 months (Fig. 2). Such GPI-AP™ T cells >0.01% were
undetectable in any of 57 healthy individuals and the
other 490 patients with BMF. The clinical characteristics
of the 12 patients who were provisionally referred to as
‘PNH-T™ patients’ are summarized in Table 2. All these
patients had predominant thrombocytopenia without any

GPI-AP-deficient T cells in patients with bone marrow failure

increase in the number of BM megakaryocytes, a com-
mon feature of BMF patients possessing small popula-
tions of GPI-AP™ cells (7). Five patients (patients 1, 2, 3,
9, and 11) were red blood cell or platelet transfusion-
dependent, and only patient 11 had been treated with
IST (ATG) before the detection of GPI-AP™ T cells.
Three of the PNH-T" patients received IST
(ATG + cyclosporine for patients 2 and 9, and cyclo-
sporine alone for patient 12) after the GPI-AP™ cell
screening. All achieved a partial remission according to
the response criteria described by Camitta (28) as
described previously.

Phenotype of GPI-AP™ T cells detected in patients with
BMF

The functional phenotypes of GPI-AP™ T cells in nine
PNH-T* patients, defined by the expression of
CD45RA, CD62L, and CCR7 were compared to those
of GPI-AP™ T cells detectable in three BM transplant
recipients who were conditioned with alemtuzumab
(group 1) or to those detectable in 12 patients who dis-
played GPI-AP™ cells in all lineages of blood cells includ-
ing GPI-AP™ T cells that account for 0.02-41.2% of
total T cells (group 2). As shown in Fig. 3A, the GPI-
AP T cells in three patients from group 1 predomi-
nantly showed EM (CD45RA™CD62L"CCR7", EM) and
CM (CD45RA™CD62L"CCR7", CM) phenotypes. No
naive (CD45RATCD62L"CCR7") T-cell subset was
observed in this group. On the other hand, the T cells
from group 2 patients mainly contained cells with the
naive phenotype with relatively small percentages of CM,
EM, and TEM subsets (Fig. 3B). GPI-AP™ T cells in
PNH-T™" (group 3) patients predominantly showed the
EM phenotype with smaller percentages of naive, CM,
and TEM phenotypes (Fig. 3C), suggesting the pheno-
typic pattern of GPI-AP™ T cells in group 3 patients to
be more similar to that in group 2 patients than that in
non-BMF patients treated with alemtuzumab.

Table 1 Clone size of GPI-AP™ cells in different lineages of cells in patients with increased GPI-AP™ cells

PNH AA

MDS-RA

Median % of

Median % of % of patients with

GPI-AP™ cells in

Median % of

% of patients with GPI-AP~ cells in

GPI-AP~ GPI-AP™ cells in all AA patients with increased GPI-AP™ cells in all RA patients with increased
cells (range) AA patients GPI-AP™ cells (range) RA patients GPI-AP™ cells (range)

E 25.8 (3.8-95.6) 58.4 0.04 (0.005-48.7) 53.3 0.55 (0.005-6.4)

G 56.5 (1.2-98.1) 64.4 0.07 (0.003-37.9) 57.8 1.07 (0.003-17.4)

M 82.6 (6.1-94.2) 48.4 0.11 (0.01-82.0) 46.7 3.5(0.01-32.2)

T 0.9 (0.01-41.2) 16.8 0.44 (0.01-6.9) 9.4 0.23 (0.01-6.6)

B 4.3 (0.8-38.0) 16.0 0.01 (0.01-13.0) 12.2 0.24 (0.01-5.1)

NK 41.7 (0.6-94.9) 156.2 0.01 (0.01-75.0) 14.4 0.55 (0.01-8.5)

E, erythrocytes; G, granulocytes; M, monocytes; T, T cells; B, B cells; NK, NK cells; PNH, paroxysmal nocturnal hemoglobinuria; AA, aplastic ane-
mia; MDS-RA, myelodysplastic syndrome-refractory anemia; GPI-AP, glycosylphosphatidylinositol-anchored protein.
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