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Abstract 

MECOM rearrangement is associated with rapid disease progression and poor prognosis in 
myeloid neoplasms. Previous studies were often based on 3q26.2 abnormalities without con- 
firmation of MECOM status. The frequency of MECOM rearrangement and attribution of vari- 
ous chromosomal aberrations remain poorly characterized. This study presented 129 cases with 
confirmed MECOM rearrangement by karyotyping and multiple FISH methodologies. MECOM 

rearrangement arose through translocation (49.6%, n = 64), inversion (40.3%, n = 52), insertion 
(5.4%, n = 7) or unknown mechanism(s) (4.7%, n = 6). The classic inv(3)(q21q26.2) was domi- 
nant ( n = 50) in inversion-driven MECOM rearrangement; and 3 of them also had double inv(3). 
For translocation-driven MECOM rearrangement, t(3;21) was most common ( n = 15), followed by 
t (2;3) ( n = 13), t(3;12) ( n = 10), t(3;3) ( n = 9), t(3;8) ( n = 6), t(3;6) and t(3;17) ( n = 4 each), t(1;3) 
and t(3;?) ( n = 1 each). Cases with t(3;3)-, t(3;12)-, and insertion-driven MECOM rearrangement 
were prone to exhibit a complex karyotype, while cases with t(2;3)-, t(3;21)- and insertion-driven 
MECOM rearrangement were prone to have an “unbalanced” MECOM FISH signal pattern, likely 
caused by uncommon breakpoint(s) within the target of 5’MECOM probe. Therefore, atypical 
chromosomal aberrations and/or mechanisms are involved in MECOM rearrangement. Confir- 
mation/exclusion of MECOM rearrangement is necessary in all cases with a 3q26.2 abnormality. 
(Word count: 190) 
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Introducation 

In the 2017 World Health Organization classifica-
tion of tumors of hematopoietic and lymphoid tissues
(2017 WHO), acute myeloid leukemia associated with
inv(3)(q21q26.2)/t(3;3)(q21;q26.2) is classified as its own
entity [1] , emphasizing the unique clinicopathologic features
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and poorer prognosis of this subgroup of AML patients [2 –5] .
The underlying mechanism is characterized by dysregulated
expression of MDS1 and EVI1 complex locus (MECOM) at
chromosome 3q26.2 and GATA Binding Protein 2 (GATA2)
at chromosome 3q21 [6,7] . However, inv(3)(q21q26.2) and
t(3;3)(q21;q26.2) are also found in other myeloid neoplasms,
such as myelodysplastic syndrome (MDS) [8–10] , blast
phase of chronic myeloid leukemia (CML) [11–18] and clas-
sical Philadelphia chromosome-negative myeloproliferative
neoplasms (Ph − MPNs) [19,20] . Most patients with these
diseases exhibit rapid disease progression, worse response
to chemotherapy and/or tyrosine kinase inhibitors (TKIs)
therapy, and a shorter survival than patients with same
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https://doi.org/10.1016/j.cancergen.2019.03.002
mailto:ztang@mdanderson.org
https://doi.org/10.1016/j.cancergen.2019.03.002


22 Z. Tang, G. Tang and S. Hu et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

disease(s) but without inv(3)(q21q26.2)/t(3;3)(q21;q26.2)
[7 –19] . A variety of other chromosomal aberrations with in-
volvement of 3q26.2, such as t(2;3) [21] ; t(3;8) [22-24] ; t(3;12)
[25] , and t(3;21) [26,27] , also have been reported in almost all
types of myeloid malignancies with clinicopathologic features
comparable to those with inv(3)(q21q26.2)/t(3;3)(q21;q26.2).
Therefore, others have suggested [2 –4,19,22,27,28] that
all cases with 3q26.2/ MECOM rearrangement, regardless
of the morphologic features, should be categorized as a
separate entity. Taken together, a variety of chromosomal
aberrations involving 3q26.2, including inv(3)(q21q26.2) and
t(3;3)(q21;q26.2), are found in different myeloid malignan-
cies. These 3q26.2 abnormalities are usually considered as
a poor prognostic marker. 

Most previous studies performed on this topic have in-
cluded only a limited number of cases and/or only one type
of 3q26.2 abnormality. In other studies, chromosomal anal-
ysis results indicating a 3q26 involvement (not 3q26.2 due
to low resolution of chromosomal analysis) has been re-
ported, but without a further confirmation of MECOM rear-
rangement. In 2015, De Braekeleer et al. [28] summarized
a total of 1038 myeloid malignancies with 3q26.2 involve-
ment reported in literatures and in public databases, such as
PubMed ( https:// www.ncbi.nlm.nih.gov/ pubmed/ ), the Mitel-
man Database of Chromosome Aberrations and Gene
Fusions in Cancer ( https:// cgap.nci.nih.gov/ Chromosomes/
Mitelman ) and the Atlas of Genetics and Cytogenetics in On-
cology and Hematology ( http://AtlasGeneticsOncology.org ).
Among 111 different chromosomal abnormalities involving
3q26.2 identified in these reports, in only 34 cases was
MECOM rearrangement confirmed by fluorescence in situ hy-
bridization (FISH) and/or other molecular techniques (e.g.,
Southern-blot and RT-PCR). Therefore, the prevalence of
MECOM rearrangement (not only 3q26.2 aberrations) and at-
tribution of various mechanisms causing MECOM rearrange-
ment remain under-characterized. 

In this study, we report 129 patients with myeloid neo-
plasms associated with FISH-proven MECOM rearrange-
ment. The primary goal of this study is to more fully char-
acterize the complexity of chromosomal aberrations involving
3q26.2/ MECOM rearrangement in myeloid malignancies. 

Materials and methods 

Study group 

In May of 2009, the Clinical Cytogenetic Laboratory at The
University of Texas MD Anderson Cancer Center (MDACC)
validated a MECOM FISH test for clinical use. This test
is usually performed as an add-on to conventional cyto-
genetics analysis (karyotyping) to confirm or exclude a
3q26.2/ MECOM involvement, or as a follow-up test for pa-
tients who tested positive previously for MECOM rearrange-
ment. To date, approximately 350 MECOM FISH tests have
been performed. We searched the cytogenetics database for
MECOM FISH positive cases from May 1, 2009 to August 15,
2018. Cases with 3q26 abnormality by conventional cytoge-
netics but negative for and/or not been confirmed for MECOM
rearrangement are excluded from this study. Clinicopathologic
data, including MECOM FISH test results, were collected by
electronic medical chart review. This study was approved by
the MDACC Institutional Review Board and conducted in ac-
cordance with the Declaration of Helsinki. 

Karyotype analysis 

Conventional G-banded chromosomal analysis was per-
formed on unstimulated 24-h and 48-h BM aspirate cultures
using standard techniques as reported previously [24,29,30] .
Routinely, 20 metaphases are analyzed by two technologists
and the results are reported following the 2016 International
System for Human Cytogenetics Nomenclature (ISCN 2016)
guidelines. A complex karyotype is defined as ≥3 chromoso-
mal abnormalities, of which at least one structural chromoso-
mal abnormality is present [29] . 

Fluorescence in situ hybridization (FISH) analysis 

The MECOM ( EVI1 ) dual color, breakapart (BAP) DNA probe
(#KI-10204) from Leica Biosystems/Kreatech (Buffalo Grove,
IL) was used for all cases in this study. This probe hybridizes
to band 3q26.2 (green on the centromeric side and red on
the telomeric side of the MECOM gene) ( Fig. 1 ). The Vysis
LSI BCR/ABL ES Dual Color Fusion probe, Vysis MYC BAP
probe, Vysis ETV6 BAP Probe and Vysis RUNX1T1/RUNX1
Fusion probe (Abbott Molecular, Des Plaines, IL) were also
employed to assess a subset of cases in this study. All probes
used for clinical diagnosis were validated in our laboratory in
accord with the American College of Medical Genetics and
Genomics (ACMGG) guidelines. The normal cutoff values for
the MECOM probe established at 95% confidence level ( P
< 0.05) are the following: 6.0% for a signal pattern of 1R1G1F;
2.5% for 1R2F; 2.1% for 1G2F; 2.6% for 1F and 3.7% for 3F.
The signal patterns of 1R1G1F, 1R2F and 1G2F are all indica-
tive of MECOM rearrangement, whereas 1F and 3F usually
mean loss (1F) or gain (3F) of one extra copy of MECOM . 

Interphase FISH analysis was performed on a 24-hour cul-
ture of a BM aspirate specimen, and routinely 200 nuclei for
each case are analyzed by two technologists. For some atyp-
ical cases, a map-back FISH was performed on previously
G-banded and karyotyped metaphases to define both the sig-
nal pattern(s) and the location of each signal. Briefly, the same
slide used for karyotype analysis was stripped of Geimsa stain
and then hybridized with the MECOM BAP probe. Following
the coordinates recorded by metaphase finder/capture sys-
tem, the same metaphases used karyotype analysis were an-
alyzed and documented for probe localization and signal pat-
tern(s). The Aquarius Whole Chromosome Painting (WCP)
probes for chromosomes 3 and 21 (Cytocell, Tarrytown, NY)
were used for metaphase FISH in two cases. Both map-back
FISH and WCP were performed by following standard proto-
cols as reported previously [30] . 

Array comparative genomic hybridization (aCGH) 
analysis 

As reported previously, a customized aCGH targeting cancer
genes related to hematologic malignancies (4 ×180 K format;
Agilent Technologies, Santa Clara, CA) was performed on a

https://www.ncbi.nlm.nih.gov/pubmed/
https://cgap.nci.nih.gov/Chromosomes/Mitelman
http://AtlasGeneticsOncology.org
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Fig. 1 Schematic representation of the MECOM gene located on 3q26.2 and target/size of MECOM breakapart probe used in this 
study. The nucleotide (nt) coordinates of the proximal green 3’ probe and the distal red 5 ’ probe are kindly provided by Leica Biosystems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

subset of the study group at the request of the patient’s clin-
ician [30] . The analytical sensitivity (lower limit of detection)
in a given sample is approximately 1 in 5 (20%) aberration-
containing cells. The average resolution of this assay is about
1 Mb, but can reach to 25 kb for certain regions of interest,
such as the MECOM, MYC and ETV6 loci [29 –31] in this study.

Results 

Study group 

The cohort included 129 patients with at least one positive
MECOM FISH result. There were 73 men and 56 women with
a median age of 57 years (range, 17–91 years) at the time of
first detection of MECOM rearrangement. Except one patient
(case# 129) with a plasma cell neoplasm, all the other patients
had a myeloid neoplasm of various types, including acute
myeloid leukemia (AML) ( n = 77; including both de novo AML
and therapy-related AML and 1 case with donor cell AML);
myelodysplastic syndrome (MDS) ( n = 38; including both de
novo and therapy-related MDS); chronic myeloid leukemia
(CML) ( n = 11, including blast phase, n = 8 and chronic phase,
n = 3), chronic myelomonocytic leukemia (CMML) ( n = 1) and
polycythemia vera with grade 3 myelofibrosis (MF-3) ( n = 1)
( Table 1 and see [37] ). Many patients (27.1%; 35/129) had a
history of other malignancies, such as prostate cancer, breast
cancer, multiple myeloma, as well as others. The patient with a
plasma cell neoplasm had received chemotherapy and later
stem cell transplant (SCT), but her most recent BM evalu-
ation showed evidence of MDS. During a follow up interval
ranging from 0 to 70 months (mean: 8 months), 89 patients
died. There were 40 patients alive at last follow up including
5 in complete remission, 23 in partial remission, and 12 pa-
tients without remission. Four out of the 5 patients with CR had
received SCT. 

Characterization of MECOM rearrangements by 

chromosomal analysis 

Except one patient (case# 128) in whom karyotype analysis
could not be performed due to an extreme hypocellularity of
the BM specimen and rapid demise of the patient, all other pa-
tients had at least one karyotype performed in this study. This
study showed a complex karyotype in 61 (48%) patients, iso-
lated 3q aberration in 33 (25.6%) patients, and 3q aberration
with one additional chromosomal aberration in 34 (26.4%) pa-
tients ( Table 1 ). The most common additional chromosomal
aberration was monosomy7 ( −7) and/or 7q deletion (7q-) in
51 (39.5%) patients. 

In total, 64 cases showed MECOM rearrangement through
translocations. The most common translocation was t(3;21)
in 15 cases, followed by t(2;3) in 13, t(3;12) in 10; t(3;3) in 9;
t(3;8) in 6; t(3;6) in 4; t(3;17) in 4, and t(1;3) in 1 case, respec-
tively. Other mechanisms of MECOM rearrangement included
inversions in 52 (40.3%) cases; insertions in 7 (5.4%) cases
and the mechanisms were unknown in 6 cases (4.7%). Al-
most 50% cases in this group exhibited a complex karyotype,
especially in cases with t(3;3) (6 of 9) and t(2;3) (7 of 13). The
−7/7q- was more common in cases with t(3;3) (88.9%, 8/9)
and t(3;12) (50%, 5/10) than cases with other translocations
( Table 1 ). 

Although the frequency of inversions of chromosome 3
(40.3%, 52/129), or briefly inv(3), is less than the transloca-
tions mentioned above in this study, it is much higher than
each individual translocation. Several very interesting phe-
nomenon were observed in the group of cases with inv(3):
(1) although most ( n = 50) of these cases had a classic para-
centric inv(3)(q21q26.2), 3 cases exhibited an inv(3) with dif-
ferent breakpoints other than 3q21, but all with confirmed
MECOM rearrangement (cases #1, #2, and #47); (2) three
cases (cases #44-#46) had double inv(3) affecting both chro-
mosomes 3 [31] , the first two with rearrangement of both
MECOM genes and case #46 with rearrangement of only one
MECOM gene. It is uncertain whether the inv(3)(p21q28) in
this case was a constitutional abnormality without causing
MECOM rearrangement; (3) five cases (cases #48-#52) ex-
hibited an atypical structural aberration of the affected chro-
mosome 3 in addition to the inv(3) which caused the MECOM
rearrangement; and (4) the inv(3) group presented a slight
lower frequency of complex karyotypes (44.2%, 23/52 vs.
47.3%, 61/129) but a higher frequency of −7/7q- (42.3%,
22/52 vs. 39.5%, 51/129) than the averages in this study. 

Seven cases (cases #116-#121) had a MECOM rear-
rangement that occurred via insertion of a DNA segment
containing partial MECOM gene/locus into different recipient
chromosomes, e.g., chromosome 1, 3, 8 or even unidentifi-
able chromosome(s). Five cases (71.4%, 5/7) had a complex
karyotype and 3 of them (42.9%, 3/7) with −7/7q- were in this
group. 
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Table 1 The results of conventional cytogenetics and FISH analyses. 

General information 
Total 129 cases; 73M/56F 

Age: median 57 y (range: 17–91 y) 
Survival/followup: average 8 m (range: 0–70 m) 
Outcome: D 89, CR 5, PR 23, NR 12 
Diseases: AML 77, MDS 38, CML 11, others 3) 

MECOM 

rearrangement 
Total 
(%) 

Karyotype results MECOM FISH signal pattern (s) 

Complex (%) 3q + ACA (%) Isolated 3q (%) 7q-/ −7 (%) Balanced (%) "Unbalanced" (%) 

Inversion 52 (40.3) 23 (44.2) 15 (28.8) 14 (26.9) 22 (42.3) 48 (92.3) 4 (7.7) 
Translocation 64 (49.6) 31 (48.4) 16 (25%) 17 (26.6) 25 (39.1) 43 (67.2) 21(32.8) 
t(1;3) 1 0 0 1 0 1 0 
t(2;3) 13 7 3 3 2 5 8 
t(3;3) 9 6 2 1 8 8 1 
t(3;6) 4 1 0 3 1 3 1 
t(3;8) 6 3 0 3 3 5 1 
t(3;10;21) 1 0 0 1 0 0 1 
t(3;12) 10 5 2 3 5 9 1 
t(3;17) 4 2 2 0 1 4 0 
t(3;21) 15 6 7 2 4 8 7 
t(3;?) b 1 1 0 0 1 0 1 
Insertion 7 (5.4) 5 (71.4) 1 (14.3) 1 (14.3) 3 (42.9) 3 (42.8) 2 (67.2) 
Others/unknown 6 a (4.7) 2 (33.3) 2 (33.3) 1 (16.7) 1 (16.7) 3 (50) 3 (50) 
Total 129 (100) 61 (47.3) 34 (26.4) 33 (25.6) 51 (39.5%) 97 (75.2) 32 (24.8) 

M: male; F: female; y: years; m: months. 
ACA: additional chromosomal aberration; D: deceased; A: alive; CR: complete remission; PR: partial remission; NR: no response. 

a One case was not karyotyped. 
b A partner chromosome is unidentified based on chromosomal and map-back FISH analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mechanism(s) for MECOM rearrangement remains
unknown in 6 cases (cases #123–#128) in this study. Although
case #125 had an apparent add(3)(q21), additional chromo-
somal material of unknown origin at 3q21, FISH tests showed
a partial deletion of the 5 

′ MECOM gene, possibly implying that
either an insertion of 3 

′ MECOM at 3q21 or inv(3)(q21q26.2)
with a subsequent del(3)(q21) through add(3)(q21). Case
#126 exhibited a del(3)(q21q25), but with an intact MECOM
on this abnormal chromosome 3 confirmed by map-back FISH
test. The low level of MECOM rearrangement detected by in-
terphase FISH test was possibly a result from a cryptic chro-
mosomal abnormality. Case #127 had an origin-unidentifiable
ring chromosome with positive FISH signals for MECOM rear-
rangement. The remaining two cases (cases # 123 and #124)
harbored morphologically normal chromosomes 3, but inter-
phase FISH test was performed due to a positive outside his-
tory and demonstrated a positive MECOM rearrangement at
a level of approximately 20%. 

Characterization of MECOM rearrangement by 

FISH analysis 

The resolution of karyotypes was very low in many cases
in this study and the structural abnormalities involving chro-
mosome(s) 3 were difficult to be further characterized by
karyotype analysis only. Therefore, analysis of MECOM by
FISH was applied to confirm or exclude a MECOM rear-
rangement. In 75 cases (58.1%), MECOM FISH test was per-
formed on the previously G-banded and karyotyped slides
(map-back FISH) to help better define the structural abnor-
malities on chromosomes 3 and other related chromosomes,
as well as to precisely to locate each FISH signal. Accord-
ing to the MECOM breakapart probe design/coverage infor-
mation provided by the manufacturer ( Fig. 1 ), the 3 

′ MECOM
probe (green color) targets the centromeric flank region and
5 

′ MECOM probe (red color) targets part of the 5 

′ MECOM
locus and its’ flanking region. The gap of about 570 kb be-
tween the 3 

′ and 5 

′ MECOM probes is considered as the main
breakpoint cluster region (BCR) [32,33] . Two major types of
interphase MECOM FISH signal patterns were defined in this
study: “balanced” MECOM rearrangement with a clear split
pattern of one-red ( 5 

′ MECOM ), one-green ( 3 

′ MECOM ) and
one-fusion (intact MECOM ) (1R1G1F) or two-red and two-
green (2R2G; indicating that both copies of MECOM gene are
rearranged)( n = 97); and “unbalanced” MECOM rearrange-
ment with one or more isolated red ( 5 

′ MECOM ) or green
( 3 

′ MECOM ) ( ≥1R or ≥1G) signals (24.8%, 32/129) ( Fig. 2 and
Table 1 ). The “balanced” MECOM rearrangement signal pat-
tern was most likely generated through a breakpoint within the
BCR mentioned above. Among all cases with “unbalanced”
MECOM rearrangement signal patterns, 26 (81.2%) exhib-
ited a signal pattern of one-red and two fusion (1R2F) by in-
terphase FISH. This “unbalanced 1R2F” signal pattern hasn’t
been observed so often during the MECOM BAP probe val-
idation procedures and generated initially a confusion to our
technologists who were performing the test on clinical spec-
imen. Correlating with their map-back FISH results available
in many cases (see [37] ), the isolated red signal ( 5 

′ MECOM )
was found on the partner/recipient chromosome(s) and a fu-
sion signal on the donor chromosome 3, implying that this
type of “unbalanced” MECOM rearrangement signal pattern
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Fig. 2 The “balanced” and “unbalanced” interphase MECOM FISH signal patterns observed in this study. (A) A “balanced” signal 
pattern of 1R1G1F; (B) a “balanced” signal pattern of 2R2G; (C) an “unbalanced” signal pattern of 1R2F; (D) an “unbalanced” signal 
pattern of 1R2G1F; and (E) an “unbalanced” signal pattern of ampR1F. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was most likely generated by a breakpoint within the target of
5 

′ MECOM probe ( Fig. 1 ). The “1R2F” signal pattern also can
be reported as “1R1rG1F” as suggested by the vendor for the
same mechanism for breakpoints. Six cases (cases #48, #54,
#82, #116, #122 and #126) presented atypical, most likely
truly unbalanced MECOM rearrangement signal patterns in
this study. Interestingly, cases with t(2;3) (8/13; 61.5%) [32] ,
t(3;21) (7/15; 46.7%) [34] , insertion (4/7; 57.1%) and un-
known mechanism(s) (3/6; 50%) had a higher frequency of
“unbalanced” MECOM rearrangement signal pattern(s) than
all other groups/subgroups ( Table 1 ). 

Three cases (cases #44, #45 and #127) exhibited a
signal pattern of 2R2G. Cases #44 and #45 had double
inv(3)(q21q26.2) with rearrangement of both MECOM genes
and case #127 had an un-identified ring chromosome with a
2R2G signal pattern on it ( Fig. 2 (B)). In addition to MECOM
rearrangement, 2 cases exhibited amplification of 5 

′ MECOM
(case# 122) ( Fig. 2 (E)) or intact MECOM (case #129) simul-
taneously. 

All cases with t(9;22) were confirmed to be positive for
BCR/ABL1 by FISH test in this study. Two cases (cases #83
and #84) with t(3;8) were positive for MYC rearrangement and
the 3 

′ MYC was translocated on the abnormal chromosome
3 as demonstrated by MYC FISH, indicating a simultaneous
MYC and MECOM rearrangement, or likely a MECOM/MYC
fusion ( Fig. 3 ). Five cases with t(3;12) (cases #87, #88, #91,
#92 and #95) and 1 case with ins(12;3) (case #120) were
also positive for ETV6 rearrangement confirmed by FISH. The
5 

′ ETV6 signal was located on the abnormal chromosome 3 in
two cases (cases #91 and #92) confirmed by map-back FISH,
indicating a simultaneous ETV6 and MECOM rearrangement,
or likely an MECOM/ETV6 fusion. Interestingly, the case with
ins(12;3) (case #120) exhibited an ETV6 rearrangement with
a partial deletion of 5’ETV6 . Five cases with t(3;21) (cases
#105, #106, #110, #111 and #114) presented gain of an extra
signal of RUNX1 by FISH test, which was further found to be
located on the abnormal chromosome 3 by map-back FISH in
two cases (cases #105 and #106) ( Fig. 4 ), most likely implying
a potential MECOM/RUNX1 fusion. 

aCGH test results 

Array CGH as an add-on test according to the clinician’s re-
quest was performed in 4 cases (cases #40, #48, #108 and
#123) with high blast counts and a complex karyotype. All
cases exhibited complex array results with copy number varia-
tions (CNVs) involving multiple chromosomes and/or chromo-
somal segments, which were generally correlated with their
karyotype analysis findings ( Table 2 ) . For example, aCGH
on case # 48 showed multiple CNVs involving chromosome
3, which were concordant with the atypical structural abnor-
malities of chromosome 3 detected by karyotype and the
3 

′ MECOM deletion detected by interphase FISH analyses
( Fig. 5 ). For case #108, a CNV of approximate 150 kb at
3q36.2 detected by aCGH, was too small to be detected
by karyotype and FISH. In general, the MECOM rearrange-
ment involved a balanced structural changes in most cases in
this study, either through inversion, insertion or translocation,
could not be detected by aCGH. 

Discussion 

Compared with previously reported 3q26.2 abnormalities
summarized by De Braekeleer et al. [28] , several MECOM
rearrangement-related chromosomal abnormalities are iden-
tified for the first time in this study, e.g., the inv(3)(q26.2q28)
(case #46, Fig. 6 ), t(3;10;21)(q26.2;p14;q22) (case #86)
and ins(1;3)(p22;q24q26.2) (case #117). Case #118 with a
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Fig. 3 A case of t(3;8) with simultaneous MECOM and MYC rearrangement (on the left side: the metaphase FISH images. On the right 
side: the inverted G-banded metaphase images to present the exact band levels of FISH signals. der(3): the abnormal chromosome 
3; der(8): the abnormal chromosome 8). (A) MECOM FISH test indicates that the 5’MECOM (red) signal is located on the abnormal 
chromosome 8; (B) MYC FISH test indicates that the 3’MYC (green) signal is located on the abnormal chromosome 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 

′ MECOM signal on the abnormal chromosome 16, most
likely an ins(16;3)(q?;q26.2q26.2) as described in the ISCN
nomenclature (see [37] ), and 6 other cases with a MECOM
rearrangement but unknown underlying causative chromoso-
mal abnormalities (cases #123-#128) are also first reported
in this study. We also report here the first case of donor cell
AML with MECOM rearrangement (case #54). The data pre-
sented are helpful to better understand the role of MECOM
rearrangement (not only 3q26.2 aberrations as reported in
literature) in myeloid malignancies and in the attribution of
various mechanisms for a MECOM rearrangement derived
from chromosomal abnormalities. As mentioned previously,
FISH testing of MECOM was performed on the previously G-
banded and karyotyped slides (map-back FISH) in more than
50% cases in this study. In combination with karyotype, both
interphase and metaphase signal patterns and signal loca-
tions, this study has defined more precisely the structural ab-
normalities on chromosomes 3 as well as their partner chro-
mosomes, especially in many cases with atypical chromoso-
mal abnormalities. 

The complexity of chromosomal aberrations related to
MECOM rearrangement is high. In accord with many previ-
ous studies, the “classic” inv(3)(q21q26.2)/t(3;3)(q21;q26.2)
represents 40–50% of all cases with MECOM rearrange-
ment in myeloid neoplasms, 38% and 7%, respectively in
this study [2,3,28,32,33] . However, a broad spectrum of “non-
classic" chromosomal abnormalities involving 3q26.2 results
in MECOM rearrangement in more than 50% of these cases
( Table 1 ). There is an apparent synergy between two or more
MECOM rearrangement related mechanisms as a combi-
nation of inversion, insertion, translocation and/or deletion
was observed in a subset of cases in this study. We also
detected simultaneous involvement of both copies of chro-
mosome 3 in 10 cases (not including the “classic” cases),
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Fig. 4 A case of t(3;21) with simultaneous MECOM and RUNX1 rearrangement (on the left side: the metaphase FISH images. 
On the right side: the inverted G-banded metaphase images to present the exact band levels of FISH signals. der(3): the abnormal 
chromosome 3; der(21): the abnormal chromosome 21). (A) MECOM FISH test indicates that the 5’MECOM (red) signal is located on 
the abnormal chromosome 21; (B) RUNX1T1/RUNX1 FISH test indicates that one extra copy of the RUNX1 (green) signal is located 
on the abnormal chromosome 3, while RUNX1T1 signals (red) are located on two normal chromosomes 8. 

Table 2 The aCGH analysis results in 4 cases. 

Case # aCGH results 

40 arr(GRCh38) 1p34.3(37379032_38487000) ×1,7p12.3p12.1(48356663_52874940) ×1 
48 arr(GRCh38) 

3p24.3(16466342_19927516) ×1,3q21.3q22.1(128622835_130279635)x1,3q26.1q26.2(166973261_168767303) 
×1,5q11.2q35.3(52828952_180712263) ×1,7 ×1,12p13.32p12.3(5388552_18100420) ×1,12q14.3q15(67109153 
_70138199) ×1,12q23.3q24.32(108447499_126207097) ×1,17p13.3p11.2(76263_18316517) ×1 

108 arr(GRCh38) 3q26.2(169166479_169325542) ×1,7q22.1q36.3(99594424_159118566) ×1 
123 arr(GRCh38) 

5q13.1q33.3(67646576_157317616) ×1,17p13.3p12(0_12238119) ×1,19q12q13.43(28793244_57243712) 
×3,20q11.21q13.33(30690688_62477472) ×1 

 

 

 

 

 

 

 

 

 

 

 

3 of them with rearrangement of both copies of MECOM
gene [31] . 

As previously reported [18 –20,24,27,31,35] , MECOM re-
arrangement usually indicates dysregulation of MECOM ex-
pression and is associated with minimal to no response to
chemotherapy and a poor clinical outcome in patients with
myeloid malignancies, regardless the type of neoplasm or
blast counts. Therefore, for all cases with 3q26.2 abnormal-
ity or any other chromosomal abnormalities with a suspicious
MECOM rearrangement, the status of MECOM gene must
be further confirmed by FISH or other methods. Five cases
(cases #123, #124 and #126-#128) in this study without an
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Fig. 5 Correlation of karyotype, MECOM FISH and aCGH analyses in Case #48. (A) Two copies of chromosomes 3 from one 
metaphase, left: normal chromosome 3 with intact MECOM signal (yellow arrow); right: abnormal chromosome 3 (described as 
der(3)del(3)(p25)inv(3)(q21q26.2)add(3)(q26.2)) with 5 ′ MECOM signal (red arrow); both interphase (B) and map-back metaphase 
FISH (C) indicated a MECOM rearrangement with deletion of 3’MECOM ; (D) aCGH analysis presented CNVs involving multiple chro- 
mosomes, including several segments of the chromosome 3 (red arrow), which were consistent with the finding of a complex karyotype 
by conventional analysis in this case. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

apparent 3q26.2 abnormality shown by conventional cytoge-
netic analysis were tested by FISH based on their past history
of 3q26.2 abnormalities. In all 5 cases MECOM rearrange-
ment was detected and 4 of them have died during a follow-up
of 0–7 months. This phenomenon implies that the MECOM re-
arrangement in myeloid malignancies can be underestimated
by conventional cytogenetic analysis. A deliberate prospec-
tive study of MECOM rearrangement by simultaneously con-
ventional cytogenetic analysis and FISH testing is necessary,
at least first in patients with a newly diagnosed myeloid neo-
plasm, especially for AML and MDS. 

Different designs and coverages of MECOM FISH probe,
such as dual-color breakapart MECOM probe, dual-color, fu-
sion for RPN1/MECOM, GATA2/MECOM, MECOM/RUNX1 ,
etc., are commercially available and have been applied in
previous studies. Due to a wide variety of genomic break-
point positions at 3q26.2 and unknown partner gene(s) for
MECOM rearrangement in most cases, we have chosen a
dual-color, MECOM BAP probe. This probe has worked very
well, especially when a map-back FISH has been performed.
It has overcome the low resolution of chromosomal analysis
and insured a direct visualization of MECOM rearrangement
on the abnormal chromosome(s) 3 and/or partner chromo-
some(s). We also observed in this study that approximately
20% of MECOM rearranged cases exhibited an “unbalanced”
split signal pattern, mainly those cases with a t(2;3), t(3;21),
insertions and/or unknown mechanism(s). The “unbalanced”
split signal patterns have confused our technologists perform-
ing the interphase analyses, which had to be correlated with
conventional cytogenetic and metaphase FISH analyses in
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Fig. 6 An inv(3)(q26.2q28) with MECOM rearrangement (case #46). (A) Both metaphase and interphase FISH signal patterns indicate 
a MECOM rearrangement; (B) morphology of inv(3)(q26.2q28) and its representative ideogram (right) compared to the normal sister 
chromosome 3 and its representative ideogram (left) from the same metaphase cell shown in (A). The representative ideograms are 
drawn using an online software ( http:// www.cydas.org/ index.html ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

most cases. The “unbalanced” split signal pattern is believed
to be caused by a breakpoint within the target of the 5 

′ MECOM
probe. Therefore, a modification of the coverage of 5 

′ MECOM
probe is necessary for these type of cases. 

The frequencies of each type of MECOM rearrangement-
related chromosomal aberration mentioned above are similar
to those reported by Alpermann et al. [36] in a cohort of 116
MECOM -rearranged MDS and AML cases, in all of which re-
arrangement was confirmed by FISH. However, our results
differ from the study of 252 patients by De Braekeleer et al.
as well as a summary of 1038 cases published in the litera-
ture, where the frequencies from high to low are inv(3), t(3;3),
t(3;21), t(3;12), t(2;3) and insertions respectively [28,32,33] .
These discrepancies are most likely attributed to the following
reasons: 1) most cases reported in these studies were based
on conventional chromosomal analysis only; and 2) 13–14%
of cases with 3q26.2 involvement in earlier studies were not
further characterized for a specific type of chromosomal aber-
ration (e.g., inversion, translocation, and insertion). 

Some cases in this study with t(3;8), t(3;12) or t(3;21) have
been confirmed for being positive for MYC, ETV6 or RUNX1
rearrangement simultaneously. These findings imply that
likely a MECOM/MYC, MECOM/ETV6 or MECOM/RUNX1 fu-
sion exists in these cases respectively. A further confirmation
with MECOM/MYC, MECOM/ETV6 or MECOM/RUNX1 fu-
sion probe have not been performed in these cases, since
our map-back FISH approaches have clearly demonstrated
the co-localization of both MECOM and the potential part-
ner gene on the same affected chromosome(s) and at the
same band level(s) ( Figs. 3 and 4 ). All these fusion FISH
probe can be necessary for cases like these in the future.
According to our previous studies, these cases with poten-
tial fusion gene(s), such as MECOM/MYC, MECOM/ETV6 or
MECOM/RUNX1 exhibited disease progression and progno-
sis similar or compatible to cases with inv(3)/ GATA2-MECOM
[18 –20,22,24,27] . 

In summary, we present the largest study available on
MECOM rearrangement in myeloid malignancies. A wide
spectrum of chromosomal aberrations are associated with
MECOM rearrangement, including but not limited to insertion,
inversion and/or translocation of affected chromosome(s) 3
and many partner chromosomes. A confirmation of MECOM
rearrangement by FISH testing, including map-back FISH ap-
proach in many cases, is necessary. A modification of cover-
age of current FISH probes may reduce the technical burden
for certain cases. 
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