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improvement was 6.3 weeks) in all Japanese patients with
anemia in low- or intermediate-1-risk MDS with del 5q, and
transfusion independence in patients who were transfusion
dependent at baseline, demonstrating that lenalidomide can
effectively improve anemia in Japanese MDS patients.
Moreover, the effect of lenalidomide was persistent in all the
patients at the data cutoff date (median duration of the study,
48.1 weeks;range,28.1-56.1 weeks). The median duration of
improvement in anemia was not estimable.

The effect of anemia improvement observed in the
present study compare favorably with the results from the
US pivotal clinical study MDS-003 [9].

Of note is not only the achievement of transfusion
independence in patients with RBC transfusion-dependent
anemia, but also the increase of blood hemoglobin con-
centration to at least 10 g/dL in this study. In most western
countries, the threshold for receiving an RBC transfusion
for anemia associated with MDS is a blood hemoglobin
concentration less than 10 g/dL [15]. In Japan, in contrast,
RBC transfusion is generally avoided whenever possible,
initiated only when the blood hemoglobin concentration is
below 7 g/dL. Such a clinical practice is also apparent in
the present study, as patients with blood hemoglobin con-
centration as low as 4.7 g/dL at baseline had not been
heavily transfused. Improvement of anemia in Japanese
MDS patients not receiving RBC transfusion, thus, is as
clinically important as successful achievement of inde-
pendence from RBC transfusion in western countries.

Histopathologic findings confirmed improvement of the
dysplasia of megakaryocytes, paralleling the improvement
in anemia from lenalidomide. Moreover, cytogenetic
evaluation demonstrated improvement of chromosome
abnormality with del(5q) in 10 patients on day 85, which
suggests that the cytogenetic response and the Hb increase
run parallel, although a relation between maintenance of
the anemia improvement and the cytogenetic response was
not observed.

In the cytogenetic evaluation, a new complex karyotype,
del(20q),del(5q), was detected in one patient. The inci-
dence of del(5q) accompanied with del(20q) was reported
in 8% [16]. Considering more than a 2-year history of MDS
in this patient, it would be likely that a progression to this
complex karyotype was the natural course of MDS. The
del(5q) accompanied with del(20q) is presumed to be less
sensitive to lenalidomide than the isolated del(5q). It may
be considered that the del(5q),del(20q) became obvious in
this study, since the original del(5q) abnormality disap-
peared due to the lenalidomide treatment. In these 2 years,
lenalidomdie-inducing risks of clonal evolution and AML
progression have been discussed, but several recent studies
reported that the risk of AML progression for patients who
received lenalidomide was similar to those in the historical
data [17, 18].

In a previous US study MDS-003, approximately half of
the patients reported lenalidomide-related neutropenia and
thrombocytopenia of grade 3 or higher (by the Common
Toxicity Criteria of the National Cancer Institute, Version
2.0), which were the most common reasons for the dose
adjustment of lenalidomide [9]. In the present study, the
adverse events, most notably neutropenia, did not lead to
treatment discontinuation, and were manageable with dose
reduction, dose interruption or symptomatic treatment.

Lenalidomide was absorbed with maximum plasma
concentrations occurring at approximately 3 h following
oral administration and then rapidly eliminated from
plasma (#;,, was less than 4 h and CL/F was about 190 mL/
min). Multiple dose (10 mg x 4 days) did not cause
accumulation of lenalidomide (Cpa/AUC ratios were 1.16
and 1.04 for dayl and day4, respectively). Other PK
parameters were similar between day 1 and day 4. It was
also reported that lenalidomide was rapidly adsorbed and
eliminated in healthy volunteers. Moreover, multiple dos-
ing did not result in drug accumulation [19].

Oral lenalidomide confers less burden on the patients
than transfusion therapy and can improve the quality of
life. The results of the present study indicate that lenalid-
omide can be a useful drug for the treatment of MDS with
del(5q) in Japanese patients as well. In the absence of
approved ESA for MDS, such as erythropoietin, lenalido-
mide is potentially a new therapeutic option of great clin-
ical significance for the treatment of anemia in Japanese
patients with del(5q) MDS.
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Abstract

Cytogenetic abnormalities were often observed in primary myelofibrosis patients. The presence of specific
cytogenetic abnormalities, such as sole abnormalities of chromosome 13q), 20q), or }7/7q), is reported
to have the influence on the prognosis of primary myelofibrosis. We analyzed the data from the prospec-
tive survey of Japanese primary myelofibrosis patients which was conducted from 1999 to clarify the
impact of cytogenetic abnormalities on the prognosis of primary myelofibrosis. A total of 202 primary mye-
lofibrosis patients had the cytogenetic and the prognostic data. Eighty (40%) out of 202 cases had cytoge-
netic abnormalities, and an association was evident for platelet counts. Although the presence of an
abnormal karyotype did not affect the prognosis, primary myelofibrosis patients with cytogenetic abnormal-
ities other than 13q) and 20q) showed an inferior prognosis compared to patients with a normal karyo-
type or sole 13q) or 20q) abnormalities. Patients with an unfavorable cytogenetic profile (abnormal
cytogenetics other than 13q) or 20q)) also had a greater tendency to transform to leukemia than patients
with a favorable cytogenetic profile (normal cytogenetics, sole abnarmalities of either chromosome 13q),
or 20q)). Abnormal cytogenetics other than 13q) or 20q) in primary myelofibrosis patients has the poor
prognostic effect for both survival and the risk of leukemic transformation.

Key words primary myelofibrosis; cytogenetic abnormalities; 13q); 20q); )7/7q)

Correspondence Kazuya Shimoda, Department of Gastroenterology and Hematology, Miyazaki University, 5200 Kihara, Kiyotake,
Miyazaki 889-1692, Japan. Tel: +81 985 85 9121; Fax: +81 985 85 5194; e-mail: kshimoda@med.miyazaki-u.ac.jp

Accepted for publication 12 June 2009

doi:10.1111/.1600-0609.2009.01298.x

Primary myelofibrosis is a clonai stem cell disorder that is
characterized by bone marrow histologic changes includ-
ing collagen fibrosis, osteosclerosis, and angiogenesis (1),
and is a type of myeloproliferative neoplasma along with
polycythemia vera and essential thrombocythemia (2).
Activated JAK2 mutation (V617F) or the activated mye-
loproliferative leukemia virus oncogene (MPL) (receptor
for thrombopoietin) mutation was observed in about half
or about 5% of primary myelofibrosis patients, respec-
tively (3-9). This suggests that there is significant hetero-
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geneity in the molecular basis of primary myelofibrosis,
as the etiology remains unknown in the remaining 50%
of patients without JAK2 or MPL mutations.

Cytogenetic abnormalities were often observed in pri-
mary myelofibrosis patients. Some studies suggested that
the presence of cytogenetic abnormalities influenced the
prognosis of primary myelofibrosis (10, 11), whereas
other studies did not find such association (12, 13). Not
only the presence or absence of cytogenetic abnormali-
ties, some reports suggested that the specific cytogenetic
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abnormalities, such as sole abnormalities of chromosome
13q), 20q) (14, 15), or )7/7q) (16), might have the
influence on the prognosis of primary myelofibrosis. To
clarify the impact of cytogenetic abnormalities on the
prognosis in primary myelofibrosis patients, we analyzed
the data from the prospective survey of Japanese primary
myelofibrosis patients which was conducted from 1999.
Cytogenetic result as well as clinical and laboratory eval-
uation were obtained from 202 primary myelofibrosis
patients between 1999 and 2008. We found that primary
myelofibrosis patients with cytogenetic abnormalities
other than 13q) and 20g) had an inferior prognosis
compared to patients with a normal karyotype or sole
13q) or 20q) abnormalities.

Materials and methods

The Research Committee for Idiopathic Hematopoietic
Disorders in Japan conducted the prospective survey in
collaboration with hematologists at 587 medical institutes
throughout Japan, all of which were approved as desig-
nated institutes by the Japanese Society of Hematology.
We sent a questionnaire to hematologists in December of
each year, and collected information on patients with
newly diagnosed primary myelofibrosis in the reference
year. The diagnostic criteria for primary myelofibrosis
were an increased number of atypical megakaryocytes,
the presence of marrow fibrosis and osteosclerosis as
determined by bone marrow biopsy, and the exclusion of
secondary myelofibrosis, including other hematologic
malignancies, cancer metastasis, and inflammatory or
metabolic disorders (17). Myelodysplastic syndrome with
fibrosis and secondary myelofibrosis preceding polycythe-
mia vera or essential thrombocythemia were not included
in this study. Cytogenetic studies were done at the time
of diagnosis, and both direct technique and unstimulated
24-h culture methods were used to harvest 20 metaphases
using bone marrow or peripheral blood cells. All data
were analyzed using STATVIEW 5.0 (Abacus Concepts,
Inc., Berkley, CA, USA) or SPSS software (SPSS Inc.,
Chicago, IL, USA). All P values were two-tailed and
values P < 0.05 were considered statistically significant.
Comparisons between categorical variables were per-
formed by chi-squared statistics, and comparisons
between categorical and continuous variables were per-
formed using the Mann-Whitney U-test.

The mutational analysis for V617F JAK2 was
approved by the Miyazaki University Institutional
Review Board, and performed using DNA derived from
peripheral blood granulocytes. Genomic DNA was puri-
fied, and exon 12 of JAK2 was amplified using primers
5-TATAGTCATGCTGAAAGTAGG-3t and 5¢-TA-
ACTGAATAGTCCTACAGTG-3t. The PCR products
were sequenced directly using an ABI DNA analyzer.

2 2009 John Wiley & Sons A/S
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The influence of karyotypic abnormalities on survival
was examined. In addition, based on previous studies
(14-16), cytogenetic findings of sole 13q) or 20q) abnor-
malities, abnormalities other than 13q) and 20q), or
)7/1q) were evaluated for an association with progno-
sis. Survival was estimated using Kaplan-Meier plots
that analyzed the interval from the diagnosis date to
death or last contact, and then examined for significance
by the log-rank test. The comparison of leukemic trans-
formation rates among different cytogenetic groups was
estimated using a similar procedure. A Cox proportional
hazards regression analysis was used to assess the follow-
ing variables for the prognostic relevance of primary
myelofibrosis patients; hemoglobin levels of <10 g/dL, a
leukocyte count of either >30 or <4 - 10%/L, circula-
ting blasts of 31% or the presence of constitutional
symptoms in addition to the presence of cytogenetic
abnormalities or specific cytogenetic abnormalities.

Results

The Research Committee for Idiopathic Hematopoietic
Disorders began conducting a prospective survey of
primary myelofibrosis in 1999, and a total of 202 cases
had both cytogenetic and prognosis data during the 10-yr
period until 2008. The median age of the patients was
65 yr. Males were 1.8 times more likely to be affected
than females. During this period, 148 patients (73%) have
received treatment for primary myelofibrosis including
hydeoxyurea in 43 patients, melphalan in 11 patients, ana-
bolic steroid in 51 patients, prednisolone in 34 patients,
thalidomide in six patients and splenic irradiation in eight
patients. Eighty-one patients received blood transfusions.

Eighty (40%) out of the 202 cases had cytogenetic
abnormalities, including 31 patients with a complex
abnormality or more than one abnormal chromosomes.
Among 49 patients having a single abnormality, numer-
ous chromosomes were affected, including del(20) (11
cases), del(13) (11 cases), +8 (3 cases) and del(12) (3
cases). Translocation, including chromosomes 12, 15, 8,
9, and others were seen in 9 cases. The V617F JAK2
mutation was analyzed only in 24 cases, and 12 out of
them were positive for this mutation.

Cytogenetic abnormalities were examined for a signifi-
cant association with other clinical and laboratory vari-
ables as shown in Table 1. After a univariate analysis, an
association was only evident for platelet counts
(P < 0.05). The presence of abnormal cytogenetics at
the time of diagnosis had no significant impact on age,
Hb level, WBC counts, the requirement of treatment, the
ratio of leukemic transformation, or the prognosis.

Although the presence of abnormal cytogenetics did
not influence survival of the patients, specific cyto-
genetic abnormalities might affect the prognosis. Sole
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Table 1 Comparison of clinical and laboratory features of patients with and without cytogenetic abnormalities

All patients Normal cytogenetics Abnormal cytogenetics

Characteristics (n = 202) (n=122) (n = 80) P value
Age in years 63.8 + 12.1 64.0 £ 11.8 63.6 + 12.6 0.7686
Median 65 64 65

Range 13-95 36-95 13-84

Sex, M/F 129/73 81/41 48/32 0.3549
Hemoglobin level (g/L) 89zx26 9.1+ 27 8.6 +24 0.1285
White blood cell level {/1L) 16400.0 + 32148.7 19675.4 + 38944.2 11405.0 + 16273.6 0.0688
Platelet count (- 10%) 290 + 26.6 32.7 £ 26.2 23.4 + 26.3 0.0015
Treatment (yes/no) 148/54 89/33 59/21 0.9001
Transformation to leukemia (yes/no) 15/187 6/116 9/97M 0.0932
Outcome (alive/death) 117/85 72/50 45/35 0.6969
Follow-up years 23z+22 26+23 2019 0.0712

Bold value indicates significant P values.

abnormalities of either chromosome 13q) or 20q) is
reportedly associated with a favorable prognosis (14, 15).
As shown in Fig. 1A, 22 cases with sole 13q) or 20q)
abnormalities showed superior prognosis than the 58
cases with cytogenetic abnormalities other than 13q)
and 20q) (P = 0.02), but not than patients with a nor-
mal karyotype (P = 0.17). The prognosis of primary
myelofibrosis in patients having cytogenetic abnormali-
ties other than 13q) and 20q) was inferior to all patients
except for those having cytogenetic abnormalities other
than 13q) or 20q) (P = 0.02) (Fig. 1B). Chromosome 7
deletions were previously reported to be associated with
an unfavorable prognosis in myelofibrosis (16). In our
study, 11 out of the 202 cases had del(7) or )7. The
prognosis of primary myelofibrosis in patients with
)7/7g) was same as that of patients having normal cyto-
genesis (P = 0.76).

We also examined the effect of extensively used
adverse risk factor (hemoglobin level of <10 g/dL, a
leukocyte count of either >30 or <4 - 10%/L, circula-
ting blasts of 31%, or the presence of constitutional
symptoms) on the prognosis of primary myelofibrosis
patients. Consistent with previous observation, univariate
analysis confirmed the adverse prognostic relevance to
overall survival of a leukocyte count of either >30 or
<4 - 10°/L (P = 0.033) and circulating blasts of 31%
(P = 0.04) in addition to the presence of cytogenetic
abnormalities other than 13q) or 20q) (P = 0.02). The
presence of constitutional symptoms, hemoglobin level of
<10 ¢g/dL, or the requirement of therapy did not affect
the prognosis of primary myelofibrosis patients in this
cohort. On multivariate analysis, both leukocyte count
(P = 0.02) and the presence of cytogenetic abnormalities
other than 13q) or 20q) (P = 0.02) retained their sig-
nificance. Circulating blasts of 31% lost its significance.

Fifteen patients converted to leukemia during the fol-
low-up period. Six cases had normal cytogenetics, and 9
cases had the cytogenetic abnormalities other than 13q)
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or 20g). None of the patients having sole abnormalities
of either chromosome 13q) or 20q) converted to leuke-
mia. As menticned above, the presence of abnormal
cytogenetics did not influence the tendency of leukemic
transformation (Table 1). Patients with abnormal cytoge-
netics other than 13q) or 20q) had a greater tendency
to transform to leukemia than patients with normal cyto-
genetics or sole abnormalities of either chromosome
13q) or 20q) (P = 0.002).

Discussion

In primary myelofibrosis patients, numerous chromo-
somes are affected; 40% of primary myelofibrosis
patients had cytogenetic abnormalities in our study. The
most frequently reported cytogenetic abnormalities
include 13g), 20q), +8, and abnormalities of chromo-
somes 1, 7, and 9 (10, 12, 15, 18, 19). In our study, the
total incidence of these major abnormalities is up to
71% in patients with a single chromosome abnormality,
although the incidence of each individual lesion is less
than 25%. The fact that there is no consistent cytoge-
netic abnormality in primary myelofibrosis patients
might be because the range of abnormalities reflects the
genomic instability present in primary myelofibrosis.
Cytogenetic abnormalities were only associated with
platelet counts, and were not significantly associated with
age, Hb level, WBC counts, leukemic transformation, or
prognosis (Table 1). There is some discrepancy among
previous reports regarding the prognostic relevance of
cytogenetic findings in primary myelofibrosis (10, 11, 13,
15, 18). Some studies suggested that the presence of
cytogenetic abnormalities influenced the prognosis of pri-
mary myelofibrosis (10, 11), whereas other studies did
not find such association (12, 13). The idea that specific
cytogenetic abnormalities have a differential effect on
prognosis might account for this discrepancy. In reports
that have linked specific chromosomal abnormalities to
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Figure 1 Survival rate curves for primary myelofibrosis patients
according to cytogenetic groups. (A) «-- Normal cytogenetics
{n = 122). Either 13q) or 20q) lesion (n = 22). — cytogenetic abnor-
malities other than 13q) and 20q) (n = 58). —-- The prognosis of pri-
mary myelofibrosis in patients having cytogenetic abnormalities other
than 13q) and 20q) was inferior to patients having cytogenetic abnor-
malities with sole 13q) or 20q) (P = 0.02). (B) -~ Normal cytogenet-
ics, sole abnormalities of either chromosome 13q) or 20q) (n = 144).
~—- cytogenetic abnormalities other than 13q) and 20q) (n = 58). The
prognosis of primary myelofibrosis in patients having cytogenetic
abnormalities other than 13q) and 20q) was inferior to all patients
except for those having cytogenetic abnormalities other than 13q) or
20q) (P = 0.02)

prognosis, sole abnormalities of either chromosome 13q)
or 20q) was correlated with an indolent prognosis, and
cytogenetic abnormalities other than 13q) and 20q)
were associated with an inferior prognosis (14, 15). As in
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previous reports, the prognosis of patients with cytoge-
netic abnormalities other than 13q) and 20q) is poorer
than those with sole 13q) or 20q) abnormalities
(Fig. TA). Tefferi et al. also reported that the sole abnor-
malities of either 13q) or 20q) was linked to a reduced
risk of transformation in addition to the indolent nature
(14). In our study, none of the 22 patients with sole
abnormality of either chromosome 13qg) or 20q), 9 of
the 58 patients with cytogenetic abnormalities other than
13q) and 20q), and 6 of the 116 patients with normal
cytogenetics converted to acute leukemia. Patients with
an unfavorable cytogenetic profile (abnormal cytogenet-
ics other than 13q) or 20q)) had a greater tendency to
transform to leukemia than patients with a favorable
cytogenetic profile (normal cytogenetics, sole abnormali-
ties of either chromosome 13q), or 20q)) (P = 0.002).

The genes located on 13q or 20q have not been identi-
fied. Although 13q) is also observed in multiple mye-
loma patients (20, 21), the gene located on deleted 13q
may be different in these two diseases. In most myeloma
patients with 13q), RB1, the powerful tumor suppressor
gene, is deleted (21), whereas the lesion on 13q in
ber/abl-negative chronic myeloid disorders does not
involve RB1 (22). Differences in the involved gene may
account for the prognostic value of 13q) in myeloma
and primary myelofibrosis; 13q) is associated with an
inferior prognosis for myeloma (20), but not for primary
myelofibrosis (14, 15). In myelodysplastic syndrome,
20q) abnormalities have been associated with prolonged
survival (23). The common deleted lesion on 20q) in
myeloid malignancies is being investigated (24), and the
h-l (3) mbt gene, which encodes a member of the poly-
comb group family of proteins and is the human homo-
logue of a tumor suppresser gene in Drosophia (25), is a
candidate for the responsible gene (24).

Strasser-Weippl et al. previously reported that Chro-
mosome 7 deletions are associated with an unfavorable
prognosis in myelofibrosis (16). Chromosome 7 deletions
also tend to be associated with other chromosomal aber-
rations. Six of 7 patients in their report (16), and 9 of 11
patients harboring dei(7) or )7 in our study had other
chromosomal aberrations. Contrary to the previous
report, )7/7q) is not associated with an unfavorable
prognosis in our study. One possible reason for this dis-
crepancy in the prognostic value of )7/7q) is that our
survey is limited to primary myelofibrosis patients, while
the report showing the unfavorable prognostic value of
)7/7q examined secondary myelofibrosis (postpoly-
cytemia vera or essential thromobocytosis) patients in
addition to primary myelofibrosis patients (16). This pos-
sibility is unlikely, because it is very difficult to distin-
guish between a primary myelofibrosis and a secondary
myelofibrosis in clinical practice. The other possibility
might depend on the sensitivity of the assay used to
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detect the chromosome abnormality. We performed a G-
banding stain in metaphase cells, whereas they adapted
interphase fluorescence in situ hybridization (FISH) anal-
ysis to identify the chromosomal abnormality. To detect
a specific chromosomal abnormality, FISH is much more
informative than a G-banding stain because FISH can
be used for interphase cytogenetic analysis. In fact, we
detected abnormal metaphase in only 40% of patients
using a G-banding stain, while they found cytogenetic
abnormalities in 56% of patients using FISH analysis
(16). In order to clarify these differences, a larger pro-
spective survey is needed to determine the prognostic
value of cytogenetic information and the role of involved
genes in pathogenesis.

JAK2 mutation is observed in about half of primary
myelofibrosis patients (3-7). We examined JAK2 muta-
tion status in only 24 primary myelofibrosis patients, and
12 were positive for this mutation. This number is too
small to evaluate the role of JAK2 mutation on survival
or leukemic transformation in primary myelofibrosis.
Hussein et al. examined the presence of JAK2 mutation
in addition to the cytogenetic studies in 109 primary mye-
lofibrosis patients, and found JAK2 mutations in
63(58%) patients (26). In their study, the presence of
JAK2 mutation was inconsequential to survival. JAK2
mutation also may not be the disease-initiating lesion in
transformation, because the emergence of JAK2V617F’
blast phase from previously positive myeloproliferative
neoplasms was observed by Tam et al. (27), Campbell
et al. (28) and Theocharides et al. (29), who reported dis-
appearance of JAK2V617F positivity in 7 of 12 (58%), 3
of 4 (75%), and 7 of 17 (41%) patients, respectively. The
presence or absence of JAK2 mutation or its allele burden
does not appear to carry prognostic information (30).
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Treatment of Children With Refractory Anemia:
The Japanese Childhood MDS Study Group Trial (MDS99)
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Tatsutoshi Nakahata, mp® on behalf of Japanese Childhood MDS Study Group

Background. Although hematopoietic stem cell transplantation
(HSCT) is offered as a curative therapy for pediatric myelodysplastic
syndrome (MDS), it may cause severe complications and mortality.
Several reports have shown the efficacy of immunosuppressive
therapy (IST) in adult patients with refractory anemia (RA), but its
safety and efficacy remains to be fully elucidated in childhood RA.
Procedure. Eleven children diagnosed with RA and enrolled on a
prospective multicenter trial conducted by the Japanese Childhood
MDS Study Group were eligible for analysis. If patients showed
transfusion dependent or suffered from infection due to neutropenia,
they received IST consisting of antithymocyte globulin (ATG),
cyclosporine (CyA), and methylprednisolone (mPSL). Results. Eight

Key words:

myelodysplastic syndrome; refractory anemia; children; immunosuppressive therapy

children received IST, 2 received only supportive therapy, and one
underwent HSCT without IST. Five (63%) of eight children who
received IST showed hematological response. Of note, one patient
showed the disappearance of monosomy 7 after IST. Responders
were significantly younger than non-responders (29 months vs.
140 months; P=0.03). No severe adverse events related to IST were
reported in this study. Of 6 children with chromosomal abnormal-
ities who received IST, four showed hematological response. The
probability of failure-free and overall survival at 5 years was
63 £+ 17% and 90 % 9% respectively. Conclusion. 1ST is likely to be
a safe and effective modality for childhood RA. Pediatr Blood Cancer
2009;53:1011-1015. © 2009 Wiley-Liss, Inc.

INTRODUCTION

Myelodysplastic syndrome (MDS) is a hematopoietic stem cell
disorder and rarely occurs in childhood [1,2]. Refractory anemia
(RA) is a subgroup of MDS with less than 5% of blasts in the bone
marrow (BM) and little is known about childhood RA because of its
rarity. European Working Group of MDS in Childhood (EWOG-
MDS) retrospectively analyzed the clinical characteristics of
children with RA [3]. They found that neutropenia and thrombo-
cytopenia were more prominent than anemia [3,4] and karyotype
had a strong impact on prognosis in children with RA [3]. Children
with monosomy 7 were significantly more likely to progress to
advanced disease and they recommended hematopoietic stem cell
transplantation (HSCT) for this unfavorable group as early as
possible, whereas, appropriate treatment for children with chromo-
somal abnormalities other than monosomy 7 and those with normal
karyotypes remained to be determined.

Disturbance of the immune system may play a role in
pathogenesis in some aduits and children with RA [5-7]. Several
reports have shown positive effects of immunosuppressive therapy
(IST) in adult patients with RA [8—12]. The hematological response
rate of IST was reported as 30—-80% but IST could not restore the
cytogenetic abnormalities or dysplastic features. Recently, EWOG-
MDS reported the results of IST consisting of antithymocyte
globulin (ATG) and cyclosporine A (CyA) in children with
hypoplastic refractory cytopenia (RC) and normal karyotype or
trisomy 8 who were thought as being at low risk of progression to
advanced MDS [13]. However, the role of IST in children with RA
has not been fully elucidated because the above study selected
children with favorable predictive factors for a positive response
to IST.

This study reports the outcome of 11 children with RA enrolled
on a prospective multicenter trial (MDS99) conducted by the
Japanese Childhood MDS Study Group, which applied IST with
ATG and CyA to unselected patients who needed intervention.
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PATIENTS AND METHODS
Patients

Eleven children younger than 16 years of age were enrolled onto
MDS99 from September 1999 to March 2004. They were diagnosed
as having RA according to the French-American-British (FAB)
classification [14] and diagnosis was confirmed by the central
review of morphology by two independent investigators [15].
Cytogenetic analysis of the bone marrow cells was performed in
each institution. There were no patients who had undergone
previous chemotherapy or radiotherapy, nor patients with a history
of congenital bone marrow failure syndrome or aplastic anemia in
the analysis. The study was approved by the Steering Committee of
the Japanese Childhood MDS Study Group and the institutional
review boards of the participating institutions or the equivalent
organization. Informed consent was obtained from the guardians of
the patients.
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Treatment Protocol

Each patient with RA required repetitive bone marrow aspiration
at 6—8 weeks intervals in order to confirm the diagnosis. If the
disease was stable and blood transfusion was not required, patients
were observed closely without any therapy. If patients showed
transfusion dependent or suffered from infection due to neutropenia,
IST was administered as follows: horse ATG (15 mg/kg/day) for
5 days as a slow intravenous infusion over 12 hr, CyA (6 mg/kg/day
given orally as an initial dose, and the dose was adjusted to achieve a
whole blood trough level of 100-200 ng/ml) was started on day 1 and
continued until day 180, and methylprednisolone (mPSL; 2 mg/kg/day)
was administered intravenously on days 1-7, then mPSL was
administered orally and slowly tapered from day 8 to end on day 29.
In this study, the use of G-CSF was not restricted. HSCT was
recommended when a patient showed no response to IST and
required further intervention because of cytopenia or progression to
more advanced disease.

Evaluation and Statistical Analysis

Response to IST was evaluated at 6 months. Complete response
(CR) was defined as a neutrophil count >1.5 x 10°/L, platelet count
>100 x 10°/L, and hemoglobin (Hb) level of >11.0g/dl. Partial
response (PR) was defined as a neutrophil count >0.5 x 10°L,
platelet count >20 x 10%L, and Hb level of >8.0 g/dl. When neither
the CR nor the PR criteria were met, a patient was considered as no
response (NR) to IST.

Mann-Whitney test and Fisher’s exact test were applied to
evaluate the differences between patients that responded to IST and
those who did not. Failure-free survival (FFS) was calculated from
the date of initiating IST to the date of treatment failure as follows;
death, no response to IST at 6 months, HSCT, a second course of IST,
acquisition of chromosomal abnormality, progression to advanced
disease, or relapse. Overall survival (OS) was calculated from the
date of diagnosis to the date of death or last follow-up. Both FFS and
OS were estimated by the Kaplan—-Meier method.

RESULTS
Patient Characteristics

Eleven children, 6 males and 5 females, were analyzed in this
study (Table I). The median age at diagnosis was 67 months (range,
9 months to 15 years). Eight of 11 children had neutrophil counts of
less than 1.5 x 10%/L. All except 1 patient had Hb levels below
10 g/d\. Eight patients had platelet counts below 50 x 10°/L. Intotal,
one patient had anemia only, five had bi-cytopenia (anemia and
neutropenia 2, anemia and thrombocytopenia 2, and neutropenia
and thrombocytopenia 1), and five had pancytopenia at diagnosis.
Since bone marrow biopsy specimen was available in only 6 of
11 cases, we determined cellularity by central pathological review
from bone marrow smear rather than biopsy specimens and used a
more suitable term, cell content, instead of cellularity in this report.
Overall, there were only three patients in whom BM cell content was
low. All patients showed dysplasia in multilineage series, which was
compatible with the definition of refractory cytopenias with
muitilineage dysplasia (RCMD) in the World Health Organization
(WHO) classification [16]. Data on the cytogenetic analyses at
diagnosis were available for all patients. Karyotype was normal in
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TABLE 1. Patients Characteristics

Median (range)

Age Sy7m (9m to 15y5m)
Gender M/F=6:5
WBC (x10°/L) 3.8 (1.1-12.5)
Neutrophil (x 10°/L) 0.94 (0.16-8.1)
PB blast (%) 0 (0)

Hb (g/dI) 6.2 (3.6-11.7)
Reticulocyte (%) 2 (1-44)
Reticulocyte (x 10%/L) 41.7 (12.3-572.0)
MCYV (fl) 104 (84-123)
Pit (x10°/L) 23.0 (3.0-117.0)
BM blast (%) 1.0 (0-4.8)

BM cell content
Chromosome
Cytopenia®

Low 3, normal 5, high 3
Normal/abnormal = 3:8
Anemia only 1, bi-cytopenia 5,

pancytopenia 5

Cut-off; neutrophils <1,500/ul, Hb < 10.0 g/dl, Plt < 50,000/pl.

three patients, and of the remaining eight patients, two had
monosomy 7, two had trisomy 8, and four had other abnormalities;
del (7)(ql11), i(8)(q10), 20g-, and -+der(1;19)(q10;q10). Of four
patients in whom presence of paroxysmal nocturnal hemoglobinuria
(PNH) cells was assessed by flow cytometry, none showed an
expansion of PNH clone. Of five patients in whom data on HLA-DR
was available, only one patient showed DR2 antigen, which is a
broad antigen of DR15 and DR16.

Observation Without Intervention

Figure | shows the outcome of the 11 patients analyzed. Of
3 patients who initially received only supportive therapy, one with
normal karyotype was still stable without therapy, one with trisomy
8 showed spontaneous improvement of anemia but the chromoso-
mal abnormality remained. One with 20q- (UPN 046) showed stable
disease for 2 years, but cytopenia deteriorated and IST was initiated
at 968 days after diagnosis.

IST [~ { Response n=5
n=7 | |Noresponse n=2
IsT |———— [No response l—l SCT |
Number
of patients —
n=11
Stable disease n=1
Observation Improvement <1
n=3 mpri men n=
Deterioration  n=11
SCT
n=1
Fig. 1. Outcome of 11 patients with refractory anemia. SCT, stem cell

transplantation; IST, immunosuppressive therapy.



Immunosuppressive Therapy

Seven patients received IST as the first-line treatment and one
(UPN 046) received IST because of recurrence of cytopenia after
2-year observation. IST was given at a median of 42 (range 0-
968) days after the diagnosis of RA. Five of eight patients showed
response to IST at 6 months after the initiation of treatment
(response rate was 63%; CR 2, PR3). Of five responders, three were
able to successfully discontinue IST and remained disease-free, and
the remaining two patients have been continuing therapy. Of note,
the disappearance of a monosomy 7 clone after IST was observed in
UPN 035 [17] and the patient is still in remission after 63 months. Of
three non-responders, one was lost to follow up, one responded to
a second course of IST, and one (UPN 046) underwent HSCT
3 months after initiating IST.

To address predictive factors for response to IST, the character-
istics were compared between children who responded to IST and
those who did not (Table II). The age at diagnosis was significantly
younger in responders than in non-responders (median 29 months
vs. 140 months; P=0.03), whereas there was no statistically
significant associations between response to IST and sex, neutrophil
count, Hb level, platelet count, interval from diagnosis to IST,
chromosomal abnormality, BM cell content, or number of
cytopenia. Serious adverse events related to IST were not observed,
including the progression to advanced disease. The most frequent
adverse event in this study was pyrexia.

Hematopoietic Stem Cell Transplantation

Two children underwent HSCT in this series. One patient with
20g- (UPN 046) received bone marrow transplantation (BMT)
from her human leukocyte antigen (HLA) 1-locus-mismatched
father at 1,088 days after diagnosis because of non-response to
IST. This patient suffered from adenoviral colitis, salmonella
colitis, herpes zoster, and grade III acute GVHD of the skin,
however, she is still alive without disease 23 months after BMT.
One other patient with monosomy 7 (UPN 053) received BMT
from a matched unrelated donor on 537 days after diagnosis
without IST by physician’s decision. His post-transplant course
was uneventful, but disease relapsed 151 days after trans-
plantation. A BM specimen at relapse showed severe fibrosis
and progression to overt leukemia, and this patient died of disease
at 656 days after transplantation.
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Fig. 2. Kaplan—Meier estimate of failure-free survival of patients
who received immunosuppressive therapy. Failure-free survival was
calculated from the date of initiating IST to the date of treatment failure
as follows; death, no response to ISTat 6 months, HSCT, a second course
of IST, acquisition of additional chromosomal abnormality, progression
to advanced disease, or relapse. The 5-year failure-free survival was
63 +17% (n = 8). Median follow-up was 1,346 days.

Chromosomal Abnormality

There were eight children with chromosomal abnormality in this
study. Of those, six received IST and four showed responses to IST,
including one with cytogenetic response (UPN 35).

Survival

Of eight children who received IST, three non-responders were
considered as treatment failure. No patient died with IST after a
median follow-up of 1,346 days; the 5-year FFS was 63 +17%
(Fig. 2). Of total, 10 patients are alive after a median follow-up of
1,685 days; the 5-year OS was 90 + 9% (Fig. 3).

DISCUSSION

Although HSCT is the curative modality for children with MDS,
it may cause severe complications, mortality, and late sequelae.
Several reports have shown encouraging results from the use of IST
in adults with RA, and the hematological response rate to IST was
30-80% [8—12]). Yoshimi et al. [13] reported on 31 children with
hypoplastic RC and normal karyotype or trisomy 8 treated with IST,
which resulted in a response rate at 6 months of 71%, 3-year OS of

TABLE II. Comparison of Characteristics Between Responders and Non-Responders to IST

Responder (n =15) Non-responder (n=3) P-value
Age? 2y5m 11y8m 0.03
Gender (male/female) 3:2 1:2 .s.
Neutrophils® (x 10%/L) 1.27 0.63 n.s.
Hb? (g/dl) 8.0 6.2 n.s.
PIt* (x10°/L) 31.0 20.0 ns.
No. of cytopenia (tri-/bi-/anemia only) 2:2:1 2:1:0 ns.
Decreased BM cell content 1/5 2/3 ns.P
Time to IST* (day) 42 42 ns.?
Chromosomal abnormality 4/5 213 n.s.?

*Median; *Evaluated by Mann—Whitney test and Chi-square test.

Pediatr Blood Cancer DOI 10.1002/pbc
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1.0 ].

0.8

Overall Survival

(years)

Fig. 3. Kaplan—Meier estimate of overall survival of all evaluable
patients. Overall survival was calculated from the date of diagnosis to
the date of death or last follow-up. The 5-year overall survival was
90 + 9% (n=11). Median follow-up was 1,685 days.

88%, and 3-year FFS of 57%. In contrast to the larger series by
Yoshimi et al. children with RA and karyotypic abnormalities or
non-hypoplastic marrow were also enrolled in this study. Overall,
5 of 8 patients (63%) responded to IST, and similar responses were
observed in two-thirds of patients with chromosomal abnormalities.
Patients whose BM cell content was not low also responded to IST
(responder 4, non-responder 1); however, the significance of
cellularity in pediatric RA still needs further study. No severe
adverse events, disease progression, or death due to any cause after
IST was reported. Only one death in this study was due to disease
progression after HSCT, which was not related with IST. As a whole,
the 5-year OS and FFS were 90% and 63%, which were comparable
with the previous study in adult MDS and superior to our previous
retrospective analysis of children with RA (4-year OS was 79%) [2].
Therefore, although the number of subjects was limited, we infer
from these results that the IST is effective and safe for children
with MDS.

The rationale for IST used as treatment of RA is based on
previous studies, which suggested that alterations in the immune
system might contribute to the pathogenesis in some subgroups of
RA [5-7]. Dysregulated T cells are thought to destroy normal
hematopoietic cells as bystanders as well as MDS clones [6]. IST
can reduce MDS clone-specific T cells and improve normal
hematopoiesis, but cytogenetic abnormalities and dysplastic
features often persist [9,11,12]. However, in this study one patient
showed the disappearance of karyotypic abnormalities. In addition,
three of the responders were able to successfully discontinue IST.
These results might be explained by the findings that the residual
healthy stem cells can compensate for the loss of stem cells after the
immune-mediated destruction is interrupted by IST in the setting of
aplastic anemia [18,19]. Recovery of healthy hematopoiesis might
outstrip MDS clones in these patients. In the patient with monosomy
7 who experienced cytogenetic response another mechanism could
be speculated. The investigators from the EWOG-MDS reported
that almost half of children with RA had monosomy 7 and they were
likely to experience disease progression [3]. In contrast, anecdotal
case reports described a decline or disappearance of a monosomy
7 clone [20]. Sloand et al. [21] reported paradoxical responses of
monosomy 7 cells to G-CSF. Namely, high concentrations of G-CSF
induced significant proliferation of monosomy 7 cells, but survival

Pediatr Blood Cancer DOI 10.1002/pbc

and proliferation of monosomy 7 cells were inferior to those of
diploid cells at lower G-CSF levels. Thus, there is a possibility that
the recovery of normal hematopoiesis after the administration of
IST might affect the intrinsic level of G-CSF and survival of
monosomy 7 cells. However, the interpretation of the present results
still needs caution because most patients with RA and monosomy 7,
including another case in this study, showed poor prognosis.

Previous studies on IST in adult RA found some factors that
could predict good responders to IST, such as younger age, shorter
duration of transfusion dependence, HLA-DR15, and presence of an
expanded clone of PNH cells [8,10—12]. In this study, age was the
only factor that showed a statistically significant difference between
responders and non-responders to IST. The European study
published by Yoshimi et al. [13] also contained older patients, but
the proportion and treatment responses of older patients were not
shown. Therefore, the effects of patient age on pathophysiology of
pediatric RA and treatment response remain to be elucidated. Of the
limited cases who were examined, no patient showed an expansion
of PNH clone and only one patient had HLA-DR2 antigen, who
responded to IST well. We did not systemically examine the
immunological status such as TCR Vbeta repertoire [7] in this study.
Clinical trials, including systematic studies on immunological
status, are required to investigate prognostic factors more precisely
in childhood RA because the sample size in this study was small.

Thus, a significant drawback of our study was small size of
registered patients. We assumed that considerable number of
patients with RA did not enter this study and might have received
HSCT without IST. In fact, retrospective analysis of pediatric MDS
in Japan showed that 52 patients with RA were diagnosed by the
central morphological review between 1999 and 2006 [22].
Consecutive enrollment on both diagnostic and therapeutic trials
would be essential for a future trial. It might allow the determination
of biologic parameters that correlated with clinical characteristics.

In conclusion, the present results suggest the efficacy and safety
of IST for children with RA. Disease-free status might be expected
with IST in a subset of patients. Chromosomal aberration was not an
absolute contraindication for IST, whereas using this approach
for patients with monosomy 7 has not been substantiated. A larger
prospective study including biological surrogate markers for
therapeutic interventions would be important to elucidate the
clinical characteristics of this rare disease as well as the prognostic
factors and mechanism of IST.
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Acquired pure red cell aplasia associated with malignant lymphomas:
A nationwide cohort study in Japan for the PRCA Collaborative
Study Group

Makoto Hirokawa,'* Ken-ichi Sawada," Naohito Fujishima,’ Fumio Kawano,? Akiro Kimura,®
Takashi Watanabe,” Ayako Arai,® Toshimitsu Matsui,® Shinji Nakao,” Akio Urabe,®
Mitsuhiro Omine,® and Keiya Ozawa'®

Pure red cell aplasia (PRCA) has been reported in association with [ymphoma as one of the autoimmune
diseases seen during the course of lymphoid malignancies. However, the relation of PRCA with the underly-
ing lymphomas remains unclear. The aim of this study was to clarify the histologic subtypes of lymphomas,
the chronological sequence of anemia and lymphoma, and the response to treatment. We conducted a
nationwide survey in Japan. From a cohort of 185 PRCA patients, 8 patients with lymphoma were evaluated.
Histologic subtypes varied and the lymphoma was of the B-cell type in four cases and of the T-cell type in
four. Four patients simultaneously developed PRCA and lymphoma. Three patients developed PRCA follow-
ing lymphoma, two of whom developed anemia during remission of lymphoma. PRCA preceded lymphoma
in one patient. Effective chemotherapy was associated with remission of anemia in concurrent lymphoma
and PRCA. Overall, anemia responded to chemotherapy and/or immunosuppressive therapy in seven
patients. In four responding patients, PRCA remained in durable remission without maintenance immuno-
suppressive therapy, which is different from a recurrent feature of idiopathic PRCA. We suggest that the
mechanism of lymphoma-associated PRCA is heterogeneous and that durable maintenance-free remission

of anemia can be obtained in some patients. Am. J. Hematol. 84:144-148, 2009.

Introduction

Malignant lymphomas are often accompanied by autoim-
mune diseases including Sjogren's syndrome, systemic
lupus erythematosus and autoimmune hemolytic anemia
[1,2]. Lymphomas can also occur resulting from immuno-
suppressive therapy for autoimmune diseases. Rheumatoid
arthritis patients may develop Epstein-Barr virus-associated
lymphoma during immunosuppressive therapy such as
methotrexate [3].

Pure red cell aplasia (PRCA) has been reported in asso-
ciation with malignant lymphomas as one of the autoim-
mune diseases often seen during the course of lymphoid
malignancies [4]. However, due to the limited number of
reported cases of PRCA associated with malignant lympho-
mas, the relationship between PRCA and the underlying
lymphomas remains uncertain, and standard treatment has
yet to be established.

The efficacy of immunosuppressive therapy for second-
ary PRCA could differ among the underlying diseases. We
conducted a nationwide survey in Japan between 2004 and
2006 in order to investigate the long-term outcome follow-
ing immunosuppressive therapy in acquired chronic PRCA
in adults. From a cohort of 185 PRCA patients consisting
of 73 idiopathic and 112 secondary PRCA cases, we eval-
uated 8 patients with lymphomas for this report. We also
reviewed reported cases of lymphoma-associated PRCA in
order to clarify the relation of PRCA to lymphoma.

Results

Histologic subtypes of lymphomas and
chronological sequence

Patient age at the onset of PRCA ranged from 47 to 82
years (median age, 68 years) with an equal male to female
ratio (Table 1). The patient designated as UPN56 has been
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previously reported elsewhere [5]. Histologic subtypes var-
ied and the lymphoma was of the B-cell type in four cases
and of the T-cell type in four. Six of eight patients had
advanced disease. One patient developed PRCA four
months before the onset of diffuse large B-cell lymphoma
(UPN187). In four patients, PRCA and lymphoma simulta-
neously occurred (UPN166, 18, 57, and 34) (Table 1). Three
other patients developed PRCA after the onset of lym-
phoma (UPN56, 128 and 33), in two of whom lymphoma
was in complete remission following chemotherapy (Table
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Hematological data at the
diagnosis of PRCA

Histologic Clinical Days from lymphoma Disease status of lymphoma Erythroid cells

UPN Age/Sex subtypes stage Pl to PRCA at the onset of PRCA Hb (g/dl) Ret (%) in BM (%NCC)
187 76/F DLBCL 1} L 2114 - 5.7 1.0 0.4
166 75/M DLBCL 1 L-1 213 On disease 6.4 0.2 0.2

57 82/F MZL I\ L-l 0 On disease 3.0 13.5 4.5

18 62/M ATLL v H o] On disease 4.5 0.6 0.2

34 58/F AILT v H-1 35 On disease 5.4 1.0 0
128 64/M T-LBL I} Ll 205 CR 4.8 1.2 Hypoplastic

56 47M FL v H-1 720 On disease 6.8 0.1 0.4

33 TWF AILT H H 801 CR 8.1 1.8 4.8

UPN, unique patient number; DLBCL, diffuse large B-cell lymphoma; ATLL, adult T-cell leukemia/lymphoma; MZL, marginal zone lymphoma; AILT, angioimmunobiastic
T-cell lymphoma; FL, follicular lymphoma; T-LBL, precursor T lymphoblastic lymphoma; IP1, international prognostic index; L, low; L-1, low-intermediate; H-I, high-interme-
diate; H, high: Hb, hemoglobin; Ret, reticulocyte; BM, bone marrow; NCC, nucleated cell count.

TABLE II. Induction and Maintenance Therapy for Lymphoma-Associated PRCA

Type of Salvage therapy Remission Maintenance
induction therapy Lymphoma, Induction for Response of Response for PRCA (dose) Relapse  duration (maintenance-free
for PRCA UPN disease status PRCA (dose)? lymphoma  of PRCA and response  of anemia for anemia period)
Chemo 166  DLBCL, on disease R-CHOP PR NR CsA (150mg), CR No i3M No (27 M)
34 AILT, on disease CHOP CR CR No 95 M No (76 M)
56 FL, on disease CHOP CR CR No 126 M No (127 M)
IST 187 DLBCL, before onset PSL (40 mg) N/A CR N/A No 15 M Yes, PSL 5 mg
57 MZL PSL (10 mg) NR NR None N/A N/A N/A
18 ATLL CsA (50 mg) N/A CR N/A No 5M Yes, CsA 50 mg
128 T-LBL, CR PSL (60 mg) N/A PR N/A Yes M No (salvaged by CsA,
97 M for CR2)
33 AILT, CR PSL-CsA® {60, 200 mg) N/A PR/PR N/A No 17 M Yes, PSL 10 mg

2 The daily doses per body are shown in parenthesis.
b Administered in combination later on.

Chemo, chemotherapy: IST, immunosuppressive therapy; R-CHOP. CHOP chemotherapy plus rituximab; PSL, prednisolone; CsA, cyclosporine A; CR, complete

response; PR, partial response; NR, no response; N/A, not applicable. M, months.

I). The median hemoglobin concentration at the diagnosis
of PRCA was 5.6 g/dl with a range of 3.0 to 8.1 g/dl.

Response of PRCA to chemotherapy and
immunosuppressive therapy

Three patients with concurrent PRCA and active lym-
phoma received chemotherapy as the induction treatment
(UPN166, 34, and 56; Table Il). In a patient with DLBCL
(UPN166), chemotherapy by itself achieved partial response
of lymphoma but not response of PRCA. The subsequent
administration of cyclosporine achieved CR of PRCA (Table
I). In angicimmunoblastic T-cell lymphoma (AILT) and follicu-
lar lymphoma patients, chemotherapy alone induced remis-
sion for both lymphoma and anemia (UPN34 and 56). All of
these three patients remained in CR without maintenance
therapy (27, 76, 127 months) (Table I1).

Five patients received immunosuppressive therapy as the
initial induction treatment of PRCA (UPN187, 57, 18, 128,
and 33; Table II). In a patient who developed PRCA before
the onset of diffuse large B-cell lymphoma (UPN187), pred-
nisolone was given and resulted in CR. Subsequent lym-
phoma showed complete response to chemotherapy
(CVP). Low dose corticosteroid was given in a patient with
splenic marginal zone lymphoma with neither response of
lymphoma nor anemia (UPN57). In a patient with adult
T-cell leukemia/lymphoma (ATLL) (UPN18), cyclosporine
achieved remission of PRCA. The patient then developed
an acute crisis and died of disease progression despite of
chemotherapy (CHOP). In two patients developing PRCA
following successful treatment of lymphoma, corticosteroid
was given with partial response (UPN128 and 33). These
two patients received chemotherapy with a L10M protocol
[6] and a CHOP regimen, respectively. Relapse of anemia
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was seen in one patient (UPN128) and was salvaged by
cyclosporine. This patient was free of PRCA without main-
tenance immunosuppressive therapy for 97 months.

Taken together, PRCA responded to chemotherapy and/
or immunosuppressive therapy in seven of eight patients,
and four patients were free of anemia without maintenance
immunosuppressive therapy (UPN166, 34, 56 and 128)
(Table II). The median time for transfusion-independence
from the start of therapy was 95 days with a range of 27
to 450 days.

Outcome of lymphoma-associated PRCA

Four patients were alive, and two of these four remained
in remission for both lymphoma and PRCA (Table I1l). One
patient died of infection while lymphoma and PRCA was
maintained in remission (UPN33).

Literature search

We found twenty-two reported cases of lymphoma-asso-
ciated with PRCA and these can be classified into two
groups based on the chronological sequence in the onset
of lymphoma and anemia. Twelve patients presented with
lymphoma and PRCA simultaneously. (Table 1V) [7-18], 10
patients developed PRCA following lymphoma (Table V)
[5,19-27]. Histologic subtypes of lymphoma varied. Three
important points can be noted from an extensive review of
the literatures. First, effective induction chemotherapy for
lymphoma was associated with remission of anemia in
patients with concurrent lymphoma and PRCA. Second, a
significant fraction of patients were positive for Coombs
test. Third, four cases were infected with human parvovirus
B19 following chemotherapy including monoclonal antibody
(Table V).
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TABLE lll. Outcome of Lymphoma-Associated PRCA

Disease status at last

observation
UPN Age/sex Histologic subtypes Lymphoma PRCA Outcome?® Cause of death
187 76/F DLBCL Non-CR CR Alive (117 M)
166 75M DLBCL Non-CR CR Alive (144 M)
57 82/F MZL Non-CR Non-CR Dead (42 M) Undetermined
18 62/M ATLL Non-CR CR Dead (8 M) Disease progression
34 58/F AILT CR CR Alive (181 M)
128 64/M T-LBL CR CR Alive (1128 M)
56 48/M FL Non-CR CR Dead (159 M) Disease progression
33 71/F AILT CR CR Dead (45 M) Infection
@ Months from the diagnosis of lymphoma.
TABLE V. Reported Cases of PRCA with Concurrent Lymphoma
Response Response of anemia
Reference Age/sex Histologic subtypes of lymphomas Therapy for lymphomas of lymphoma to chemotherapy Others
7] 16/M Hodgkin MOPP Yes Yes
[8) 19/M Hodgkin COPPVEPA Yes Yes
[9] 66/F Diffuse, mixed COoPP Yes Yes
[10] 61/M Well-differentiated lymphocytic COP, Cy, PSL, MACOP-B Yes Yes Coombs (1)
[11] 46/M AILT Chemotherapy Yes Yes
[12] 53M DLBCL CHOP Yes Yes Coombs (1)
[13] 54/F Follicular R-CHOP Yes Yes Coombs (1)
[14] 71F AILT THP-COP Yes Yes Coombs (1)
[15] 54/F DLBCL R-CHOP Yes Yes Coombs (1)
[16] 57/F Marginal zone Rituximab Yes Yes
[17] 82/F DLBCL Rituximab Yes Yes
[18] 75F DLBCL R-CHOP Yes Yes Coombs (1)
Cy, cyclophosphamide; PSL, prednisolone.
TABLE V. Reported Cases of PRCA with Preceding Lymphoma
Histologic subtypes Response Effective therapy
Reference Age/sex of lymphomas Therapy for lymphomas of lymphoma for anemia Others
[19] 25/F Hodgkin MOPP/ABV Yes CsA, EPO
[20] 37F Hodgkin Irradiation, MOPP/ABV Not described Immunoab, steroid
[21] 58/M Follicular COP Yes Spontaneous resolution
[22} 48/M Follicular PROVECIP, BEAC, autologous Yes EPO
stem cell transplant
[5] 47/IM Follicular CHOP, others Yes Chemotherapy
[23] 45/M Follicular R-CHOP Yes MG Parvo B19
[24} 56/F Diffuse, mixed CHOP Yes Pred Coombs (1)
[25) 26/F DLBCL R-CHOP Yes WIG Parvo B19
[26] 56/F Mycosis fungoides Alemtuzumab Not described WIG Parvo B19
[27] 40/F Follicular CHOP, R-FND Yes IVIG Parvo B19

PROVECIP, procarbazine, vinblastine and cyclophosphamide, prednisone; R-FND, rituximab, fludarabine, mitoxantrone and dexamethasone; immunoab, immuno-
absarbance; CsA, cyclosporine A; EPO, erythropoietin: IVIG, intravenous immunoglobulin.

Discussion

In our patient cohort, immunosuppressive therapy and/or
chemotherapy were effective for improving anemia in the
majority of patients with lymphoma-associated PRCA. The
median time to response after the start of therapy for
PRCA was B85 days, which is similar to that of idiopathic
PRCA [28]. Wéhrer et al. have reported that rituximab-com-
bined CHOP therapy given for lymphoma treatment is
effective for therapy of concurrent rheumatic diseases in
non-Hodgkin's lymphoma [29]. Since chemotherapy for ma-
lignant lymphoma is immunosuppressive to some extent,
the efficacy of chemotherapeutic agents in PRCA patients
iS not surprising.

However, it is intriguing that four of seven patients main-
tained remission of anemia without immunosuppressive
therapy, which differs from the other form of PRCA [28,30-
32]. We have recently reported that discontinuing mainte-
nance immunosuppressive therapy was strongly correlated
with relapse of anemia in acquired primary idiopathic
PRCA [28,33], and that cyclosporine was quite effective in
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thymoma-associated PRCA but most patients were receiv-
ing maintenance therapy [31]. These results suggest that
durable maintenance-free remission of anemia may be
obtained in lymphoma-associated PRCA and that PRCA
may occur as paraneoplastic syndrome of lymphoid
malignancy.

From the point of view regarding the pathogenesis of
lymphoma-associated PRCA, it is interesting that positive
Coombs test is often associated with PRCA, which sug-
gests the role of autoreactive antibody in lymphoma-associ-
ated PRCA. Hauswirth et al. have analyzed more than 100
reported cases in the literatures of non-CLL non-Hodgkin's
lymphoma associated with autoimmune hemolytic anemia
(AIHA) or Evans' syndrome, and they have reported that
warm antibody mediated AIHA was more frequent in B-cell
lymphomas, while cold antibody mediated AIHA predomi-
nantly occurred in T-cell lymphomas [34]. Some reports
demonstrated that serum immunoglobulin showed an inhibi-
tory activity against erythropoiesis in vitro [7,9,21]. Theoreti-
cally, the pathogenesis of PRCA in lymphoma patients can
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be explained by three potential mechanisms. First, PRCA
may occur as a paraneoplastic syndrome of lymphoid
malignancy, as described above. Malignant B cell clone
might produce autoreactive antibody against erythroid pro-
genitors, and neoplastic T cells might directly or indirectly
inhibit erythroid differentiation of hematopoietic stem cells.
Cytotoxic therapy may eliminate these pathogenic clones.
Second, cytotoxic therapy may cause profound immunosup-
pression sufficient to inhibit host immunity against parvovirus
B19 infection, although our patient cohort did not include
this type of patients. In immunocompromised hosts such as
recipients of organ transplantation or patients infected with
human immunodeficiency virus (HIV) [35-37], acute or
chronic anemia can be developed following B19 infection
due to the lack of the production of specific antibodies.
Third, some patients may develop PRCA via autcimmune
mechanisms irrelevant of lymphoma itself following success-
ful chemotherapy, which is supported by the efficacy of
immunosuppressive therapy for anemia (UPN128, 33).

One crucial question is how much risk of developing
PRCA is present in lymphoma patients. In order to address
this issue, it is necessary to establish the cohort of the
patients with lymphomas and estimate the risk of develop-
ing PRCA. Unfortunately, however, the registry data of lym-
phoma patients are not available at present in Japan, and
thus we need to establish the cancer registration system
suitable for this type of analysis.

In conclusion, we have elucidated that the maintenance-
free remission is achievable in some PRCA patients associ-
ated with lymphomas. Chemotherapy should be introduced
for patients with coexisting lymphoma and PRCA. Addi-
tional immunosuppressive therapy may be necessary for
PRCA that has failed to respond to chemotherapy. How-
ever, physicians should be also cautious about unexplained
anemia during chemotherapy, combined with monoclonal
antibody in particular, because this anemia might be due to
persistent parvovirus B19 infection which is treatable with
intravenous immunoglobulin [35].

Methods

Collection of the data and patient characteristics. The first question-
naires were sent to 109 institutions in Japan to estimate the number of
patients aged 15 and above who had been newly diagnosed as having
acquired PRCA between 1990 and 2006. The diagnosis of PRCA was
based on the absence of erythroid cells in the bone marrow and the
absence of circulating reticulocytes. Morphological diagnosis of bone
marrow was done by hematologists at each institution. Human parvovi-
rus B19 infection-associated PRCA was excluded, because the initial
aim of the present study was to evaluate the efficacy of immunosup-
pressive therapy for acquired chronic PRCA in adults. Eligible patients
were limited to those who had been diagnosed during the designated
period in order to minimize the effect of transfusion-associated hepatitis
C virus infection. Overall, 273 patients were enrolled from 45 institu-
tions. Secondary questionnaires were then sent to these institutions to
collect data regarding underlying diseases, laboratory findings including
peripheral blood cell counts and leukocyte differentials, bone marrow
examination, immunologic and cytogenetic parameters, efficacy of
immunosuppressive therapy and outcome. A total of 185 patients were
enrolled in response to the second questionnaires. Of 185 collected
patients, 73 patients were classified as having idiopathic PRCA and
112 patients as having secondary PRCA.

The classification of PRCA was based on the criteria proposed by
the Hematopoietic Organs Research Committee of the Ministry of
Health, Labor and Welfare of Japan in 2005 [28]. This classification
was fundamentally based on the criteria proposed by Dessypris and
Lipton [4]. Eight patients demonstrated both malignant lymphoma and
PRCA. Personal information was protected by giving each data set a
unique patient number at each participating institution. This study was
approved by the institutional review board, and performed according to
the Declaration of Helsinki and the Ethical Guidelines for Epidemiologi-
cal Research of the Ministry of Education, Cuilture, Sports, Science and
Technology and the Ministry of Health, Labor and Welfare of Japan.
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Definition of the response and data analysis. Complete response
(CR), partial response {PR), and no response (NR) were defined as
the achievement of normal hemoglobin levels without transfusion, the
presence of anemia but without transfusion dependence, and the con-
tinued presence of transfusion-dependence, respectively [28]. The date
of remission was defined as that of the final transfusion after the initia-
tion of remission induction therapy. The minimum period required for
evaluation of response to agents was defined as two weeks; therefore,
agents added within a two-week period were included into a simultane-
ous combination with the preceding agents. The agents for remission
induction and salvage therapy were defined as those used initially and
those used either sequentially or in later combination, respectively. The
agent for maintenance therapy was defined as that used or tapered off
after successful remission induction. Relapse was defined as the reap-
pearance of transfusion requirement.

Literature search. National Library of Medicine’s search service
(PubMed) was used to find reported cases of PRCA accompanied by
lymphoma published in the literature. The reports that described the
outcome of both lymphoma and PRCA were included in this study.
Small lymphocytic tymphoma was excluded because this type of lym-
phoma is often indistinguishable from chronic lymphocytic leukemia,
which is well known to be associated with autoimmune hemolytic ane-
mia, immune thrombocytopenia and PRCA [38].
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Appendix

The following institutions participated in the Collaborative
Study Group: Aichi Medical School, Akita University, Asahi-
kawa Medical School, Chiba University, Dokkyo Medical
School, Ehime University, Fujita Health University, Fukui Uni-
versity, Fukui National Hospital, Fukuoka University, Fukush-
ima Medical University, Gifu University, Gunma University,
Hamamatsu Medical School, Hirosaki University, Hiroshima
University, Hokkaido University, Hyogo Medical University,
lwate Medical School, Jichi Medical School, Jikei University,
Juntendo University, Kagawa Childrens’ Hospital, Kagawa
University, Kagoshima University, Kanazawa University,
Kanazawa Medical School, Kansai Medical University, Kawa-
saki Medical School, Keio University, Kinki University, Kita-
zato University, Kobe University, Kochi University, Kumamoto
University, Kurume University, Kyoto Prefectural University,
Kyoto University, Kumamoto Medical Center, Kyushu Univer-
sity, Mie University, Nagasaki University, Nagoya City Univer-
sity, Nagoya Medical Center, Nagoya University, Nara Medi-
cal University, National Cancer Center, National Institute of
Infectious Diseases, Niigata University, Nishi Sapporo
National Hospital, Nippon Medical School, Nippon University,
NTT Kanto Medical Center, Oita University, Okayama Medi-
cal Center, Okayama University, Osaka City University,
Osaka Medical School, Osaka National Hospital, Osaka Uni-
versity, Ryukyu University, Saga University, Saitama Medical
School, Sapporo Medical School, Sendai Medical Center,
Shimane University, Shinsyu University, Showa University,
St. Marianna University, Teikyo University, Toho University,
Tohoku University, Tokai University, Tokushima University,
Tottori University, Tokyo Medical Center, Tokyo Medical
School, Tokyo Medical and Dental University, Tokyo Univer-
sity, Tokyo Women's Medical School, Tsukuba University,
University of Occupational and Environmental Health,
Wakayama Medical University, Waseda University, Yamagata
University, Yamaguchi University, Yamanashi University, and
Yokohama City University.
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ABSTRACT

Janus kinase 2 (JAK2) V617F mutation has been regarded as the major cause of myeloproliferative disor-
ders (MPD). However, the mechanisms of abnormal cell growth by JAK2V617F have not been elucidated.
In this study, cell cycle regulatory protein expression was analyzed using JAK2V617F-Ba/F3 and mock-Ba/
F3. JAK2V617F-Ba/F3, but not mock-Ba/F3, showed IL-3 independent cell growth and constitutive STATs
activation. Deregulation of p27X1P!, the cell cycle regulator at the G1 to S transition, was observed in
JAK2V617F-Ba[F3 but not in mock-control. p27*P! deregulation was not due to p27<" mRNA level but
due to high Skp2 expression, a subunit of ubiquitin E3 ligase, through the STAT binding in the Skp2 pro-
moter. Like JAK2V617F overexpression, constitutively active STAT5 or STAT3 induced aberrant p27%P!
expression of Ba/F3 cells. Similar findings were observed in BCR/ABL-transfected Ba/F3. Our results eluci-
date the regulatory mechanism by which JAK2V617F modulates Skp2 gene expression through the STAT
transcription factors.

EMSA
ChIP assay

© 2009 Elsevier Inc. All rights reserved.

Introduction

The Janus kinase (JAK)/signal transducers and activators of tran-
scription (STATs) pathway plays an important role in hematopoie-
sis. Recently, a mutation that substitutes valine with phenylalanine
at position 617 (V617F) of the JAK2 protein has been identified in
patients with myeloproliferative disorders (MPD) [1]. A subset of
patients, most commonly with polycythemia vera (PV), have
homozygous JAK2V617F mutations, which are the result of mitotic
recombination and duplication of the mutant allele [2]. Valine 617
locates in the pseudokinase domain (JH2) of JAK2. It is thought that
the pseudokinase domain serves an auto-inhibitory role similar to
the juxtamembrane domain of receptor tyrosine kinases such as
FLT3 [3]. Biochemical evidence also supports the notion that
JAK2V617F is a constitutively active tyrosine kinase [4]. When
JAK2V617F was expressed in Ba/F3 cells with the erythropoietin
(EPO) receptor, Ba/F3 cells resulted in EPO independent growth
and in EPO hypersensitivity [5].
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It has been suggested that elevated JAK2 tyrosine kinase activity
contributes to transformation, probably in part through STAT
transcription factors. However, the detailed molecular targets of
JAK2 activation, which characterizes the MPD phenotype, are still
obscure. In the current study, we compared profiles of cell cycle
regulatory protein between JAK2V617F-Ba/F3 and mock-Ba/F3
cells. Based on these results, we focused on a cell cycle regulatory
protein of p27¥iP1 [6]. Our current results suggested that aberrant
expression of p27XP! might be a cause of IL-3 independent cell
growth of JAK2V617F. We further found that reduced p27XiP!
expression was due to its increased degradation by SKP2, an
F-box protein of the E3 ligase, SCF°<"2,

We also observed that similar deregulation occurs in BCR/ABL-
BaF3 cells, which has been recently reported by others [7,8].
Constitutively active STAT3 and STAT5 mimic the expression of
p27%iP! observed in JAK2V617F-Ba/F3. The involvement of these
proteins in MPD as well as CML pathogenesis was discussed.

Materials and methods

Cell lines and reagents. Mock, JAK2 wild type (Wt) and JAK2V617F
transfectants of Ba/F3 (JAK2V617F-Ba/F3) were reported previously
[9]. Ba/F3, mock-Ba/F3 and Wt-Ba/F3 were maintained in RPMI
1640 medium supplemented with 10% FCS and 3% conditioned
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medium from WEHI 3B cells (WEHI-CM) as a source of IL-3.
JAK2V617F-BafF3 cells were maintained in the absence of IL-3.
JAK Inhibitor 1 (Calbiochem) was used at a final concentration of
0.5 mM. Murine STAT5 1*6 mutant (constitutively active) and wild
type STATS expression pMX retrovirus vectors [10] were provided
by Dr. T. Kitamura (University of Tokyo, Tokyo, Japan). pEFHA
STAT3 [11] was provided by Dr. T. Hirano (Osaka University, Osaka,
Japan). Constitutive active STAT3, DMsam STAT3C-IRES-EGFP [12],
was provided by Dr. A, Iwama (Chiba University, Chiba, Japan).
Wild-type and constitutively active STAT3 cDNA were cut out from
the original vector and inserted into the pcDNA3.1 vector (Invitro-
gen, Carlsbad, CA, USA), and used for DNA transfection. To establish
stable transfectants of STAT3 and STAT5, Fugene 6 (Roche Diagnos-
tics, Basel, Swiss) was used for DNA transfection and transformants
were selected by G418, Retroviral BCR/ABL expression vector [13]
and its control vector were a generous gift from Prof. C. Eaves (Ter-
ry Fox Laboratory, British Columbia Cancer Agency, Vancouver,
Canada). BCR/ABL-Ba/F3 and MIG-mock-Ba/F3 were established
by transfection followed sorting of GFP positive clones by flow
cytometry.

Western blotting. Western blotting was performed as described
previously [14] The antibodies used were anti-JAK2 (M-126, Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA), anti-STAT3 (55933,
SIGMA, St. Louis, MO, USA), anti-STAT5A (S6058, SIGMA), anti-p-
STATSA/B (55058, SIGMA), anti-p27""! (C-19, Santa Cruz), anti-
p15 (4822, Cell Signaling, Beverly, MA, USA), anti-CDK4 (2906, Cell
Signaling), anti-CDK6 (3136, Cell Signaling), anti-p21"**! (C-19,
Santa Cruz), anti-Cyclin D1 (2926, Cell Signaling), anti-Cyclin D3
(2936, Cell Signaling), anti-B-actin (Cytoskelton Inc., Denver, CO,
USA), anti-p-JAK2 (Cell Signaling), anti-p-STAT3 (Cell Signaling)
and anti-SKP2 (Santa Cruz, H-435).

Semi-quantitative RT-PCR. Semi-quantitative reverse transcrip-
tion (RT)-PCR was performed according to a method described pre-
viously [14]. Primer sets are described in the Supplementary
materials. The mRNA levels of p27¥°! and Skp2 are expressed as
the ratio of p27%%?/g-actin and Skp2/g-actin, respectively.

Rapid amplification of 5'-cDNA ends (5'-RACE). The transcription
initiation sites of mouse p27¥?" and Skp2 of Ba/F3 cells were deter-
mined with the RNA ligase-mediated rapid amplification method
of 5'-cDNA ends (5'-RACE) using a Gene Racer kit (Invitrogen). Pri-
mer set was described in the Supplementary materials.

Cloning of promoter regions. The luciferase vector containing Skp2
5'-promoter (pGL2-2275) was a generous gift of Prof. K. Nakayama
(Kyushu University Graduate School of Medicine, Fukuoka, Japan).
This fragment was inserted into the Smal and Bglll sites of the
pGL3 basic vector. Truncation and mutation of the Skp2 promoter
were prepared by a PCR-based method. The upper primers for trun-
cated luciferase vectors of —1247, —916, —307, —167, ~116 and
~101bp 5'-promoter/luc were 5-GGGGCTAGCAAGAAGTAACTG
ATGCAAAGA-3', 5-GGGGCTAGCATTCTAGGACAGGCTGTGGATT-3,
5-GGGGCTAGCAGTCCCGGGCGACCGTG-3', 5'-CCTCCTCCTCCTTCA
ATCC-3', 5-AGGGTTGGTCCGAAATCAG-3' and 5-GGGGCTAGC TCA
GAGTGGAAGAACCCAG-3'. The lower primer was the pGL primer 2
of the pGL3 basic vector. A single underline denotes an added Nhel
enzyme site. The fragment was ligated to the Nhel and Ncol
(—1247, -916, —307 and —101 bp 5'-promoter/luc) or Smal and
Ncol (-167 and —116 bp 5'-promoter/luc) sites of the pGL3 basic
vector. To introduce mutated STAT binding sites (Fig.. 3B), the fol-
lowing primer sets were prepared, and PCR was performed using
the —916 bp 5'-promoter/luc as a template.

Primers (A) and (B) (for distal STAT binding site), 5-CAGG
TTTTCCTGGGCCCGGCGCTCAC-3 and 5'-GTGAGCGCCGGGCCCAG
GAAAACCT-3'. - - T

Primers (C) and (D) (for proximal STAT binding site), 5'-CCTCCA
GATACCCACGGCTCCCTGCG-3" and 5'-CGCAGGGAGLCGTGGGTATC

TGGAGG-3'.

A double underline denotes the mutated STATS site. To intro-
duce the mutated distal and proximal STAT sites, a two-step PCR
was performed. To obtain a distal STAT site mutation, PCR amplifi-
cation was performed using the two primer sets, (RV primer 3 of
the pGL3 basic vector and A, and B and pGL primer 2) with
916 bp 5'-promoter/luc as the template. Each PCR product was
purified, and the mixture of these two PCR products was used for
the second PCR template with the primer set of RV primer 3 and
pGL primer 2. Proximal STAT mutation was obtained using a sim-
ilar method. For the first PCR, two primer sets, RV primer 3 and
C, and D and pGL primer 2, were used. Then, for the second primer
set, RV primer 3 and pGL primer 2, was used with the first PCR
products as the template.

Promoter analysis. Ba/F3 cells (1 x 10°) were transfected with
5 pg of reporter plasmid containing various lengths of the 5'-pro-
moter and 2 pg of B-galactosidase expression vector (Promega)
using Lipofectin reagent (Invitrogen). After 24 or 48 h, cell lysates
were prepared. Promoter activity was normalized with the p-galac-
tosidase activity and was expressed as Luc/B-gal.

Electrophoresis mobility shift assay of Skp2. EMSA was performed
as described previously [15]. For the supershift experiment, anti-
STATS5 or anti-STAT3 antibody was added to the nuclear extract for
15 min at room temperature before mixing with biotin-labeled
probes as described below. Forward, 5'-GGGAGTTGTGGGTATCTGG
A-3’; reverse: 5'-TCCAGATACCCACAACTCCC-3' (STAT binding motifs
were underlined). In some experiments, mutated oligo was used.
Skp2 mutated STAT forward, 5'-GGGAGCCGTGGGTATCTGGA-3'; re-
verse, 5'-TCCAGATACCCACGGCTCCC-3' (the mutated STAT binding
motifs were double underlined). A biotin label was attached to the
3’ end of each forward probe (Sigma Genosys, Hokkaido, Japan).

Chromatin immunoprecipitation (ChIP) assay of Skp2. ChIP assay
was performed as described previously [15]. JAK2V617F-Ba/F3 cells
were used for the crosslinking with formaldehyde. For the immu-
noprecipitation, normal mouse IgG, anti-STAT3-antibody (final
concentration: 3 pg/pl) or anti-STAT5-antibody (final concentra-
tion: 3 pg/ul) was added and incubated at 4 °C overnight. Immuno-
complexes were extracted, and crosslinking was reversed by
heating elutes at 65 °C overnight. Eluates were then digested with
proteinase K at 50°C for 5h and extracted with phenol/chloro-
form/isoamyl alcohol. DNA was purified by ethanol precipitation.
The promoter region was amplified by PCR using primers 5'-
CTCCTCCTCCTCCTCCTCCT-3' (forward) and 5-TGCCTGCTGGGA-
ATTGTAGT-3' (reverse).

Statistical analysis. The statistical significance was analyzed by
one-way factorial analysis of variance and multiple comparison
test or Student’s t-test using Statview ver 5 (SAS Institute Inc., Cary,
NC, USA).

Results
Characterization of JAK2V617F-Ba/F3

While mock- and Wt-Ba/F3 did not grow at all and gradually
died in the absence of IL-3, JAK2V617F-Ba/F3 acquired the ability
to proliferate in an I[L-3-independent manner (Supplementary
Fig. 1a). When JAK2V617F-Ba/F3 was cultured with JAK Inhibitor
I, IL-3-independent proliferation and cell viability of JAK2V617F-
Ba/F3 were inhibited remarkably. JAK2V617F as well as BCR/ABL-
Ba/F3 activated JAK2, STAT3 and STAT5 (Supplementary Fig. 2).

Cell cycle regulator, p27¥®!, was upregulated in mock- and Wt- but
not in JAK2V617F-Ba/F3

We analyzed the expressions of various cell cycle regulatory pro-
teins. After 48 h of IL-3 deprivation, the cell cycle inhibitor p27¥"



