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lower than the wild-type, which is consistent with the
low circulating levels of the abnormal chain (Figure 2B).
These data demonstrate that this point mutation is asso-
ciated to a severe reduction of the mutant mRNA expres-
sion level, which causes a β-thalassemia phenotype by
eliciting β-globin chain deficiency. 

The molecular mechanisms responsible for impaired
gene expression have yet to be completely clarified.
However, our preliminary data on mutant and normal
mRNA decay rates suggest that altered RNA instability
features may be involved in this process.

Our study provides the first experimental evidence
that a single nucleotide mutation within the coding
region of the β-globin gene affects mRNA expression
levels and causes a β-thalassemic defect. Furthermore,
our data suggest that other regions besides the 3’UTR,
whose role in constitutively regulation of this mecha-
nism has been recently identified,6,7 may contribute to
the stabilization of β-globin mRNA and could, therefore,
help to characterize the molecular basis of thalassemic
hemoglobinopathies.
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Oligoarray comparative genomic hybridization
in polycythemia vera and essential thrombo-
cythemia

Polycythemia vera (PV) and essential thrombo-
cythemia (ET) are myeloproliferative disorders (MPD)
characterized by expansion of one or more myeloid line-
ages, which by definition results in erythrocytosis in PV
and thrombocytosis in ET. The etiology and pathogene-
sis are still largely unknown. 

At diagnosis, about 15% of PV and 5% of ET patients
show chromosomal abnormalities.1 The most common
cytogenetic abnormalities detected by conventional
cytogenetic techniques are deletions in the long arms of
chromosomes 20 and 13, duplication of 1q, and trisomies
of chromosomes 8 and 9.1 Kralovics et al.1 found loss of
heterozygosity to be present in chromosome 9p, where
JAK2 (Janus kinase 2) resides. Its exon 14 harbors
JAK2V617F mutation, recently reported to be present in
more than 80% of PV and in approximately 50% of ET.
In addition, JAK2 exon 12 mutation in PV2, and a throm-
bopoietin receptor MPLW515L/K mutation in ET and
myelofibrosis3 are novel mutations that have been
described in JAK2V617F mutation negative patients. 

While several novel mutations have been described in
myeloproliferative disorders, some patients have normal
wild type alleles, although they have a clear clinical dis-
ease and often show an abnormal growth pattern in in
vitro colony forming assays.4 In ET in particular, approxi-
mately 50% of the patients are JAK2 mutation negative
and only a small fraction (less than 5%) has MPL muta-
tion. Of particular interest are the patients who show
only spontaneous megakaryocytic growth in colony
forming assays, since the mechanism and possible cyto-
genetic abnormalities underlying this are largely
unknown. Therefore, we aimed to screen the entire
genome using oligonucleotide array comparative genom-
ic hybridization (aCGH) to detect small chromosomal
alterations that cannot be revealed by conventional cyto-
genetic techniques.

The study comprised 36 frozen specimens from 21 ET
and 14 PV patients; from one patient we had both bone
marrow (BM) mononuclear cells and colonies of
hematopoietic progenitors. Altogether 23 BM aspirates
(11 PV and 12 ET), 8 Ficoll separated BM mononuclear
cells (6 PV, 2 ET), 3 whole blood cells (1 PV, 2 ET) and 2
samples from colonies of hematopoietic progenitors
(both ET) were studied. Fifteen specimens were
JAK2V617F mutation negative (4 PV, 11 ET) and 20 were
mutation positive (10 PV, 10 ET). PV was diagnosed
according to the WHO criteria and ET as described by
Jantunen et al.5 All but one patient (dup1q) had a normal
karyotype; for one patient the karyotype was not avail-
able. The study was approved by the local ethical review
board and all participants gave their written consent.

Genomic DNA was extracted using standard non-
enzymatic methods for frozen (stored bone marrow and
whole blood) samples and the Puregene DNA purifica-
tion kit (Gendra, Minneapolis, MN, USA) for mononu-
clear cells and hematopoietic progenitor colony cells.
Reference DNA was extracted from pooled peripheral
blood of healthy individuals. The hematopoietic progen-
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itors were cultured as part of routine diagnostic work as
previously described.6 The JAKV617F mutation was
detected by allele-specific polymerase chain reaction as
described by Baxter et al.7 We used Agilent's Human
Genome CGH 44B and 244A microarrays, containing 60-
mer oligonucleotides representing 44,000 genes and
236,000 genes respectively. The probes on these arrays
cover coding and non-coding genomic regions (Agilent
Technologies, Santa Clara, CA, USA) as described earlier
by Savola et al. 8

Our previous study (data not shown) compared the in
vitro growth pattern of hematopoietic progenitors of
patients with PV and ET and their JAK2V617F mutation
status. Based on those results, for the present study we
first selected patients without JAK2V617F mutation
whose in vitro cultures showed only spontaneous
megakaryocyte colony (CFU-Meg) growth and no spon-
taneous erythroid (BFU-E) growth (n=7). Secondly, we
studied another group of 4 JAK2V617F mutation negative
patients who had neither spontaneous CFU-Meg nor
BFU-E growth. Lastly, 24 patients displaying sponta-
neous BFU-E growth were studied; 14 of them also had
spontaneous CFU-GM growth. 

First we performed 34 arrays using the 44k platform
(Agilent Technologies). Then results from 5 specimens
were confirmed using a 244k high-density platform
(Agilent Technologies). Two of these specimens were
colony cells of hematopoietic progenitors. Only one of
the patients showed chromosomal aberrations. In addi-
tion, we hybridized DNA from hematopoietic progenitor
cells of 2 patients (BFU-E, CFU-Meg). Both gave normal
results. 

The only abnormal case (bone marrow specimen)
showed duplication at 1q21.1q32.1 (about 59 Mb, includ-
ing over 1,100 genes) and deletion at 13q12.3q21.32
(about 34 Mb, including 300 genes) (Figure 1). The raw
data can be accessed at the CanGEM database

(www.cangem.org).9 Duplication of chromosome arm 1q
has been reported both in ET and PV with a common
region at 1q23q32. Deletion of 13q can occur in ET, but
it is more frequent in PV.10 Since both the duplication and
the deletion are large, target genes therein remain to be
studied.  Previous results by BAC aCGH did not indicate
any chromosomal imbalances in MPD.11 Our results by
aCGH on high-density oligo-based microarrays provide
further evidence that microdeletions and microduplica-
tions do not have an essential role in the development of
PV or ET.
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Figure 1. Array CGH profile of essential thrombocythemia patient:
(A) gain of 1q 11.2q 32.1; (B) deletion of 13q12.3q21.31.
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Low-dose thalidomide in myelofibrosis

Allogeneic stem cell transplant is the only potentially
curative treatment for myelofibrosis, but is often pre-
cluded by advanced age, poor performance status or
copathologies.1 Increased marrow angiogenesis occurs
in myelofibrosis and greater neovascularization corre-
lates with poorer prognosis,2 stimulating interest in
thalidomide therapy. Doses of 100-400mg daily
reduced transfusion requirement and splenomegaly in
some patients, but were poorly-tolerated.3 Low-dose
thalidomide starting at 50mg daily with/without a
tapering dose of prednisolone is reported to be well-tol-
erated and effective.4,5

We investigated 15 patients treated with low-dose
thalidomide (50 mg daily) for myelofibrosis in our cen-
ters. The study was approved by the ethics committee at
St Thomas’ Hospital. All patients met consensus criteria
for myelofibrosis.6 Clinical parameters are summarized
in Table 1. Median follow-up was eight months.

All patients initially received oral thalidomide 50 mg
daily. Thirteen patients also received oral prednisolone
at 30-60 mg (0.5-1mg/kg) daily; tapered over 12 weeks.
Responses were confirmed according to European
Myelofibrosis Network (EUMNET) criteria;7 the
International Working Group consensus criteria8 were
not used since no patient had repeated bone marrows. 

Before treatment, 7 patients (47%) were transfusion
dependent (mean requirement 5.9 units over six
months, range 0–21); 6 had platelet counts < 100×109/L

(mean 157×109/L, range 32–487×109/L). All non-
splenectomized patients had palpable splenomegaly
(mean 10 cm; range 1–26 cm).

After low dose thalidomide ±prednisolone the over-
all transfusion requirements were unchanged (mean 6.0
units/six months), 3 out of 7 (43%) transfusion-depend-
ent patients had a fall in transfusion requirement after
thalidomide, 2 became transfusion independent.
However, 3 patients progressed and required transfu-
sion. There was no significant rise in mean platelet
counts (157×109/L pre-treatment, 184×109/L post-treat-
ment). Splenomegaly was reduced by more than 50%
in 4 out of 13 (31%) patients. Median white cell count
remained unchanged.

Overall responses according to EUMNET criteria
were: no complete responses, five major responses
(33%), one moderate response (7%), and five minor
responses (33%). Four patients (27%) had no response.
Median time to peak response was 7.5 weeks (range
2–15 weeks). Seven patients both had a response and
did not stop thalidomide early because of adverse
effects; the median response duration was 16 weeks
(4–95 weeks). For 3 patients, response was lost when
prednisolone stopped at week 12. The 2 patients not
treated with prednisolone demonstrated a minor and
no response respectively. Five out of 13 patients (38%)
were positive for the JAK2V617F mutation and were
indistinguishable from negative patients.9

Four patients (27%) developed grade 1/2 peripheral
neuropathy; 2 grade 1/2 constipation while somno-
lence was reported in one patient. No proven throm-
boembolism occurred, but one patient with pneumonia
and marked leukocytosis died following an uncon-
firmed pulmonary embolism. There was no neutrope-
nia or increased myeloproliferation. One patient expe-
rienced weight gain and folliculitis ascribed to steroids.
Eleven patients had stopped thalidomide by the end of
the study due to: lack/loss of hematologic response
(n=6),  neuropathy (n=3), development of an unrelated
malignancy (glioblastoma) (n=1), reduced-intensity
allogeneic transplantation (n=1). 


