
phase of MPN suggesting a role of IDH1mutation in con-
version from chronic MPN to acute leukemia.8-9

In order to test whether MPN also carries IDH1 muta-
tions, we investigated 160 BM biopsies of MPN patients,
including CML (n=13), ET (n=73), PV (n=33), PMF (n=35)
and unclassifiable MPN (n=6) using the IDH1R132H muta-
tion specific antibody. We found 2 ET and one PMF case
with positive hematopoietic cells (Table 1). Thus IDH1
mutations occur not only in AML but can also be infre-
quently found in the chronic MPN.
IDH1R132H was detectable in the cytoplasm of granulo-

cyte precursors, megakaryocytes and single erythroblasts.
The number of IDH1R132H positive cells varied between
almost 100% in case A and 1-3% in cases B and C (Table
1 and Figure 1). Sequencing the IDH1 gene of the 3
immunohistochemically positive cases confirmed the
presence of R132H mutation in case A but not in cases B
and C (Figure 1). The fraction of IDH1 mutant cells in
cases B and C is below the sensitivity threshold of direct
sequencing which requires the presence of approximately
20% of mutant allele. Thus our data indicate that
immunohistochemistry with the mutation specific anti-
body is a more sensitive method for detection of bone
marrow cells harboring IDH1R132H when compared to
direct sequencing.11

For case A we were able to assess the chronology of
IDH1 and JAK2 mutations based on the analyses of two
consecutive bone marrow biopsies: the first taken at the
initial diagnosis and the second two years later. The
IDH1R132H mutation was detectable by immunohisto-
chemistry and direct sequencing in both the initial and
the recurrent lesion (Figure 1 A1, A2). In contrast, the
JAK2 V617F mutation was absent in the initial BM biopsy
but detectable in the follow-up biopsy. Furthermore, in
the later biopsy the majority of bone marrow cells harbor
the JAK2V617F allele (Figure 1, A2, lower row). This indi-
cates that IDH1 R132H and JAK2V617F mutations are
present in the same cells and not in two different cell
clones. This also clearly demonstrates that IDH1R132H

mutation, similar to TET2 mutation,12 can occur early in
the course of MPN and precede the JAK2 mutation.
Additionally, this case shows that IDH1R132H was present
for more than two years in virtually all hematopoietic
cells but the patient did not progress to AML.
Notably, none of IDH1R132H harboring cases progressed

to AML within the follow-up period of 26, 16 and 118
months for cases A, B and C, respectively. This finding
indicates that IDH1R132 mutation alone may not be suffi-
cient for conversion of MPN to AML. 
Taken together, our data demonstrate the presence of

IDH1 R132H mutation in MPN with a lower frequency
than that reported in AML. Because other IDH2 muta-
tions are more frequent in AML, additional studies need
to be carried out in order to find IDH1 and IDH2 muta-
tions in chronic phase of MPN.
Furthermore, we demonstrate that standard immuno-

histochemistry with antibody H9 (Dianova, Hamburg,
Germany) is a sensitive and reliable method to detect
IDH1 R132H mutation in MPN.   
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TET2 gene is not deleted in chronic myelomono-
cytic leukemia: a FISH retrospective study

We read with interest the paper TET2 gene mutation is a
frequent and adverse event in chronic myelomonocytic

1798 haematologica | 2010; 95(10)
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leukemia, published in this Journal in December 2009.
This study contributes significantly to the study of chron-
ic myelomonocytic leukemia (CMML), providing impor-
tant molecular and survival information. It reported the
incidence and importance of TET2 mutations in this
pathology.1 Taking this into account, the aim of the pres-
ent study was to determine the copy number status of
the TET2 gene by FISH in patients with CMML and acute
myeloid leukemia (AML) secondary to CMML. As well as
to evaluate the usefulness of fluorescence in situ
hybridization (FISH) to analyze the status of TET2 in this
cohort of patients. 
Regarding TET2 (4q24), acquired somatic mutations in

the coding sequence of this gene, as well as loss of het-
erozygosity or uniparental disomy of chromosome 4,
were identified in hematopoietic cells from patients with
myeloproliferative disorders (MPD) or myelodysplastic
syndromes (MDS).2 Kosmider et al.1 detected TET2 muta-
tions in 44 of 88 (50%) patients with CMML; TET2 dele-
tion was not observed by cytogenetics in any of the
cases. Array comparative genomic hybridization (CGH-
A) was also performed and they compared the leukemic
cell profile to normal DNA in 28 of the 88, detecting
TET2 deletion in one of 10 studied patients with a mutat-
ed TET2 copy.  Thus, copy number alterations and dele-
tion of the wild-type TET2 copy in TET2-mutant CMML
cases seem uncommon.
Besides, Delhommeau et al.,3 using a combination of

molecular, cytogenetic, CGH and single-nucleotide-
polymorphism (SNP) arrays analyses, obtained the cod-
ing sequence of TET2 gene in 320 patients with myeloid
malignancies. They found 3 patients diagnosed of AML
that presented 4q24 deletion, corroborating the results by
FISH. Also, bone marrow cells from 3 patients with MDS
and one with MPD had a similar deletion. However, they

detected TET2 defects in 15 of 81 patients with MDS
(19%), in 24 of 198 patients with MPD (12%), in 5 of 21
patients with secondary AML (sAML) (24%), and in 2 of
9 patients with CMML (22%); suggesting that deletions
or mutations in TET2 are early events. Nevertheless,
CGH/SNP arrays and sequencing of TET2 are costly and
time consuming. 
The study cohort included 79 patients diagnosed with

CMML and 4 with AML transformed from CMML.
Patients were selected from 1990 until 2010.
Conventional routine cytogenetic study was performed
at the moment of diagnosis from bone marrow samples
in a 24-hour culture without mitogens. FISH analysis was
applied using BAC clones from a 32K library (http://bac-
pac.chori.org/) following the standard procedures in the
bone marrow fixed cells.4 Two labeled probes, RP11-
542F11 (corresponding to the TET2 gene) and RP11-
1377H10 (control probe for chromosome 4) were used to
identify possible alterations in the status of TET2. To
establish the cut-offs, 10 peripheral blood normal sam-
ples (5 male and 5 female) were used as controls. The cut-
off value to consider one sample as positive was defined
as average plus three standard deviations, and was 3.88%
for deletions. Both controls and samples were analyzed
counting 200 nuclei by 2 independent observers.
Additionally, a positive control was used to make sure
that the probe detected TET2 deletions. The case used
was a patient diagnosed with AML with a translocation
involving a loss of 4q24 band [t(4;15(q24;q26)] resulting
in a deletion of the TET2 gene that was corroborated by
FISH. The study was conducted with the approval of the
ethical committee from our institution and in keeping
with the guidelines of the Declaration of Helsinki.
Cytogenetic results revealed that 25.3% (21/83) pre-

sented an abnormal karyotype; trisomy 8 was the most
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Table 1. Cases with abnormal karyotype. 
Sample                    Diagnosis                                                                                         Karyotype

1                                        CMML                                                                                                     47,XY,+8[8]/46,XY[3]
2                                        CMML                                                                                        46,XY,del(22)t(11;22)(q13;q13)[20]
3                                        CMML                          45,XX,del(5)(q13q33),-7,del(13)(q14)[6]/47,X,-X,add(3)(q29),+5,+7,del(13)(q14), -14,+15,+19,-20[4]
4                                        CMML                                                                                                             47,XY,+8[20]
5                                        CMML                                                                                                              45,XY,-7[15]
6                                        CMML                                                                                                     45,XY,-7[21]/46,XY[5]
7                                        CMML                          46,XY,del(3)(q25),del(5)(q13q33),del(12)(p11), t(12;16)(q13;p13)[6]/46,XY,del(12)(p11),t(12;16)[14]
8                                        CMML                                                                                            46,XY,del(7)(q22)[6]/46,XY[14]
9                                        CMML                                                      45-46,XX,der(2),der(6)/polyploid cells with der(2),der(16)[2]/46,XX[24]
10                                      CMML                                                                            47,XX,+8,der(21)t(13;21)(q11;q22)[12]/46,XX[8]
11                                      CMML                                                                                     48,XY,+8,+11[9]/47,XY,+8[1]/46,XY[10]
12                                      CMML                                                                                                    45,XX,-15[15]/46,XX[5]
13                                      CMML                                                                                       46,XY,del(20)(q11q13)[3]/46,XY[17]
14                                      CMML                                                                                       46,XY,del(20)(q11q13)[19]/46,XY[1]
15                                      CMML                                                                                                      45,X,-Y[3]/46,XY[25]
16                                      CMML                                                                                                                45,X,-Y[8]
17                                    CMML-1                                                                                          46,X,idic(X)(q13)[18]/46,XX[2]
18                                    CMML-2                                                                                                             45,X,-Y[15]
19                                    CMML-2                                                                           47,XY,+8[9]/47,XY,+8,add(17)(p13)[5]/46,XY[6]
20                                       sAML                                                                             46,XY,del(5)(q13q33),del(12)(p11),t(12;16)[20]
21                                       sAML                                                                                           47,XX,+8[19]/49,XX,+7,+8,+11[1]

CMML: chronic myelomonocytic leukemia; sAML: secondary acute myeloid leukemia.
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frequent alteration (6/21) followed by loss of Y chromo-
some (4 cases) and –7/7q- and del(5q) (3 cases) (Table 1).
No chromosomal structural and numerical alterations
were found in chromosome 4 for any of the cases includ-
ed in the series. FISH results revealed that no cases with
the diagnosis of CMML or AML transformed from
CMML presented a deletion of TET2.
Other authors have used SNP arrays to study the status

of TET2 showing that the deletions are present in few
cases. Langemeijer et al. examined 102 patients and found
2 cases with TET2 deletion, both with a diagnosis of
RAEB-2.5 Also, Jankowska et al. used SNP arrays and
sequencing in 396 patients. Eight of the patients studied
had deletion of the gene and their diagnosis correspond-
ed to MDS and sAML.6 A similar study to ours was pub-
lished by Viguié et al. in 2005, who, before the discovery
of the involvement of the TET2 gene in hematologic
malignancies, studied 4 cases of AML with the 4q24 dele-
tion suggesting the implication of a tumor suppressor
gene.7

Taking into account our results and those previously
reported, we can conclude that TET2 is not deleted in
CMML patients, although it is mutated in a high propor-
tion of cases, as had been previously reported.1,3,5-6 In
addition, FISH is not a useful technique for analyzing the
status of TET2 in CMML.
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