Revista Romdna de Medicina de Laborator Vol. 28, Nr. 1, lanuarie, 2020 99

s sciendo Case report

DOI:10.2478/rrlm-2020-0009

A rare case of acute myeloid leukemia with ARHGEF12
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Abstract

Introduction. We report one elderly patient diagnosed with a rare subtype of acute myeloid leukemia (AML) and
also with a very rare fusion gene involving ARHGEF12 (LARG, 11q23.3) and MAPREI (EBI, 20q11.21) genes.
Material and methods. Clinical examination and routine analysis were performed including peripheral blood
smear, immunophenotyping of the peripheral blood by flow cytometry and several molecular analyses. Results. Pe-
ripheral blood smear showed 80% blasts with round and some with convoluted nuclei, with basophilic cytoplasm,
identified as monoblast and the majority of cells as promonocytes. Peripheral blood immunophenotyping was
consistent with monocytic differentiation. Molecular analysis was negative for FLT3 ITD, FLT3 D835, NPM1, and
DNMT3A R882 mutations. Multiplex ligation-dependent probe amplification revealed no copy number aberration.
Ligation-dependent reverse transcription polymerase chain reaction (LD-RT-PCR) analysis identified the presence
of one gene fusion between ARHGEF12 (LARG, 11q23.3) and MAPREI (EBI, 20q11.21) genes. The patient had no
significant comorbidities, the renal function was normal and Eastern Cooperative Oncology Group performance
status was 2 at diagnosis and 1 after treatment. She was treated with decitabine. She became transfusion indepen-
dent and a reduction of the number of blasts was obtained. Conclusions. The outcome of our AML patient was fa-
vorable but other patients with fusion genes involving ARHGEF 12 (LARG, 11q23.3) and MAPREI (EB1, 20q11.21)
should be reported, contributing to a better characterization of the disease, to monitor the minimal residual disease
and in the end to more targeted treatment options. LD-RT-PCR represent a valuable multiplex technique for fusion

gene analysis.
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Introduction

Acute myeloid leukemia (AML) is the second
most common leukemia and the most common
acute leukemia in adults, with progressively in-
creasing incidence with advancing age. The me-
dian age at diagnosis is 67 years (1). Only 10%
of older adults are long-term survivors (2). It
is a clonal disease originating in hematopoietic
stem cells, usually with multilineage potential.
The leukemic blasts proliferate in the bone mar-
row and peripheral blood. AML is a heteroge-
neous neoplasm with a large number of recog-
nized genetic abnormalities. Most common are
identified as balanced translocations, detected
by karyotyping, fluorescence in-situ hybridiza-
tion (FISH), polymerase chain reaction (PCR)
or other molecular methods. World Health Or-
ganization (WHO) classification includes AML
with recurrent cytogenetic abnormalities as a
separate category(3). Also, fusion genes are very
frequently found in hematological malignan-
cies, including AML patients. Commonly, fusion
genes are generated by chromosomal rearrange-
ments but also they can result as a consequence
of abnormal transcription (4). Fusion between
myeloid/lymphoid or mixed lineage leukemia
gene [MLL (KMT2A4), 11q23.3] and Microtu-
bule-associated protein, RP/EB family, member
1 gene [MAPREI (EBI), 20q11.21] genes was
reported until now only in one patient with acute
lymphoblastic leukemia (ALL) (5) and between
MLLI (KTMT2A) and/or Rho guanine nucleotide
exchange factor 12 gene [ARHGEF12 (LARG),
11g23.3] genes in one AML patient (6).

In this case study, we report an AML patient with
a fusion gene involving ARHGEF12 (LARG,
11¢23.3) and MAPREI (EBI, 20q11.21) genes.
The patient signed the informed consent for
medical procedures and for reporting the case.
A separate genetic testing informed consent was
also signed by the patient. The Ethics Committee
of the Targu Mures Clinical County Emergency

Hospital, Romania, reviewed and approved the
study (decision no. 36963/2019).

Case report

We report a case of an 88-year-old woman, di-
agnosed with de novo AML. She was anemic,
with increased white blood cell count (WBC),
with 80% blasts with monoblast lineage mor-
phology and low platelet number. Her WBC was
26.33x10%/uL (normal value 3.6-10x10°/uL),
hemoglobin 7.00 g/dL (normal value 12-15g/
dL), platelets 49.00 (normal value 150-450x10%/
uL). Peripheral blood smear showed 80% blast
equivalents with round and some with convolut-
ed nuclei, with basophilic cytoplasm, identified
as monoblast and the majority of cells as pro-
monocytes (Figure 1).

Immunophenotyping of the peripheral blood
by flow cytometry was performed. The blood
sample was stained using monoclonal antibod-
ies, then the erythrocytes were lysed and then
washed. The remaining WBC were analyzed by
direct immunofluorescence technique for surface
markers. The samples were analyzed by multi-
parameter flow cytometry on Becton Dickinson
FACS CALIBUR device (Becton Dickinson,
USA). Peripheral blood immunophenotyping
was consistent with monocytic differentiation.
The population of blasts was positive for CD13,
CD33, CD15, HLA-DR, CD11b, CD14, CD64,
and CD36. The expression of CD56 was weak
and the blasts were negative for CD34, CD117,
CD3, CD5, CD7, CD19, CD10, and CD22 (Fig-
ure 2).

Genetic analysis was done from peripheral
blood. Genomic DNA (gDNA) was isolated
from leukocytes (PureLink Genomic DNA Kkit,
ThermoFisher Scientific, USA) and used for so-
matic mutation analysis and for copy number
aberration (CNA) investigation by Multiplex
ligation-dependent probe amplification (MLPA)
analysis.
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Fig. 1. Morphology of the blasts stained with May-Grunwald Giemsa (100x); A-monoblast morphology,
rounded nuclei, basophilic cytoplasm; B-promocyte morphology, more irregular nuclei, less basophilic
cytoplasm, monocytic lineage morphology.

FMS-like tyrosine kinase-3 (FLT3) internal tan-
dem duplication (FLT3 ITD) and FLT3 D835,
Nucleophosmin 1 (NPM 1, mutations type A-D)
and DNA (cytosine-5)-methyltransferase 3A
(DNMT3A4, R882 codon) mutations were ana-
lyzed according to our protocol published be-
fore (7). Fragment analysis and GeneMapper
software (ThermoFisher Scientific, USA) were
used in order to calculate the Variant-Allele Fre-
quency/Allele Ratio for FLT3 ITD and NPM1
mutations.

MLPA analysis was used in order to detect
CNAs and aneuploidy identification as previous-
ly published (8, 9) being well known that MLPA
represents a useful analysis for AML patients (8,
10). For aneuploidy detection, in addition to the
probemix (SALSA P-036 Subtelomere mix 1)
used in a published protocol (8), we also used
SALSA MLPA P070 Subtelomeres Mix 2B,
P181 Centromere mix 1 and P182 Centromere
mix 2 (MRC Holland, Amsterdam). Salsa MLPA
P377 Hematological malignancies mix and P335
ALL-IKZF1 probemixes were used to analyze
chromosomal regions that are currently known
to have significant importance on AML risk
stratification, diagnostic or prognostic. Liga-
tion-dependent reverse transcription polymerase

chain reaction (LD-RT-PCR) analysis technique
was used in order to detect specific gene fusion
(more than 50) for acute leukemias as previously
reported (11). We adapted the protocol used by
Ruminy P et al (11) and we performed the se-
quencing reaction by capillary electrophoresis.
Also, we removed the primers for NPM1 (type
A-D mutations) from this protocol. The total
RNA was isolated from peripheral blood (Quick-
RNA Whole Blood kit, ZymoResearch) and the
reverse transcription was performed according
to the manufacturer recommendations (High Ca-
pacity cDNA Reverse Transcription Kit, Ther-
moFisher Scientific, USA). Five microliters of
complementary DNA (cDNA) were used for
LD-RT-PCR analysis.

Molecular analysis was negative for FL73 ITD,
FLT3 D835, NPM1, and DNMT3A4 R882 mu-
tations. MLPA results were normal, without
CNAs. LD-RT-PCR analysis revealed the pres-
ence of one gene fusion between ARHGEFI2
(LARG, 11923.3) and MAPRE1 (EBI, 20q11.21)
genes (Figure 3). Unfortunately, we were unable
to perform a standard karyotyping or FISH anal-
ysis for confirmation. Bone marrow aspiration
was not performed due to patient age and due
to the fact that the percentage of blasts in the
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Fig. 2. Immunophenotype of blasts (red) detected by flow cytometry in the peripheral blood sample
(surface markers) with expression of monocyte lineage differentiation antigens.

AGTCCC AAGAGTGGTC CCCAA

Fig. 3. Sequencing results of LD-RT-PCR product. The DNA sequence specific for MAPRE (EBI, 20q11.21)
gene is wrriten with grey color followed by the DNA sequence specific for ARHGEF12 (LARG, 11¢23.3)
gene, written in black and framed in the border.
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peripheral blood was very high and it allowed
a morphologic and immunophenotype-based di-
agnosis.

In our patient, AML diagnosis was not preceded
by myelodysplastic syndrome (MDS). The final
diagnosis was de novo acute monocytic leuke-
mia with ARHGEF12 (LARG, 11¢23.3) and MA-
PREI (EBI, 20q11.21) gene fusion.

In old patients with AML, standard treatment
with remission induction therapy is generally not
indicated and in patients older than 80 years, re-
gardless of Eastern Cooperative Oncology Group
(ECOG) performance status, standard chemo-
therapy is not beneficial for survival. Our patient
had no significant comorbidities, the renal func-
tion was normal and ECOG performance status
was 2. She was treated with decitabine (Dacog-
en) 20mg/m?*/day for 5 days in a 1-hour infusion,
with cycles repeated every 28 days. She became
transfusion independent and a reduction of the
number of blasts in the peripheral blood was ob-
tained. She continues to tolerate the treatment
well and has an ECOG of 1. Hypomethylating
agents (HMA), especially decitabine, are active
in AML with unfavorable genetic risk factors.
Discussions

Acute monocytic leukemia is a rare subtype of
AML, being responsible for less than 5% of
AML cases. Moreover (compared with our AML
case), it is more common in young patients be-
ing one of the most frequent subtypes of AML
in children younger than 2 years of age (12).
As reported in the literature, in acute monocytic
leukemia, the predominating cells are promono-
cytes that have a more irregular and convoluted
nuclei and a less basophilic cytoplasm (3). Gin-
gival hypertrophy and other manifestation of ex-
tramedullary disease are often seen in monocytic
acute leukemia. In this case study, we reported
one elderly patient diagnosed with a rare sub-
type of AML and also with a very rare fusion
gene. ARHGEFI12 (LARG, 11¢23.3) and MA-
PREI (EBI, 20q11.21) gene fusion according

to the best of our knowledge was not reported
previously in the literature on AML patients. The
fusion between MLL (KMT2A4) and MAPREI
(EB1) genes was reported until now only on one
patient with ALL (5). MLL (KMT2A) gene is sit-
uated near to our implicated gene, ARHGEF12
(LARG). Both genes are localized on 11q23.3
chromosomal region. As the ALL patient with
the mentioned fusion gene reported by Fu JF et
al (5), our patient presented high WBC count
and blasts percentage and some differences in
immunophenotypic analysis. Unfortunately, Fu
JF et al (5) were not able to analyze the presence
of CNAs and gene mutations and to describe the
patient outcome because their patient left the
hospital (5). As a consequence, more reports are
needed in order to evaluate the clinical impact
of ARHGEF12 (LARG, 11¢g23.3) and MAPREI
(EBI, 20q11.21) gene fusion on AML patients,
and not only. Fu JF et al (5) used genes analy-
sis molecular target techniques for fusion, only
for the mentioned genes. In this case study, we
used an adapted multiplex protocol but primers
for MLL (KMT2A4, 11¢q23.3) were not included.
One of our limitations is the fact that we were
unable to clarify the cause of the fusion and
also the breakpoints. It is possible for a larger
chromosomal region to be implicated, including
MLL (KMT2A) gene reported by Fu JF et al (5).
As reported in the literature (3, 4) and also on
the similar ALL case reported by Fu JF et al (5),
commonly fusion genes are the result of translo-
cations, which frequently are a result of deficient
DNA damage-repair pathway, which may also
be a result of other primary factors such as reac-
tive oxygen species (3-5, 13).

AML with 11q23 abnormalities was reported
to be associated with monocytic differentiation
(14). Anomalies of chromosome 11g23.3 may
also be present in AML with myelodysplasia-re-
lated changes and in therapy-related AML (3).
More than 120 different translocations (t) in-
volving KMT2A4 were previously described in
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pediatric and adult leukemia, both lymphoblastic
and myeloid (14).

A separate category in WHO classification
is mixed-phenotype acute leukemia with
(v;11g23.3). It should be differentiated from
ALL cases with 11q23.3 - KMT2A4 gene muta-
tion in lymphoid blasts with co-expressions of
myeloid-associated antigens. The WBC count is
increased, the blast population is dimorphic at
microscopy and immunophenotype is positive
for CD19 and CD15 and negative for CDI10.
Usually, myeloid features characteristic for
monoblastic phenotype are seen in a separate
population. Cases with 11q23.3 deletions should
not be considered in this category. KMT24 trans-
location may be the only abnormality or may
co-exist with other genetic mutations (15).
Elderly patients with AML have a poor response
to standard induction chemotherapy. Blood trans-
fusion for anemia, platelet transfusions for hem-
orrhages due to thrombocytopenia, antibiotics for
infections, hydroxyurea for hyperleukocytosis
remain the best available conservative treatment
in severely ill patients. Treatment with low-dose
cytarabine (LDAC) is not efficient in patients
with genetic abnormalities. HMA, decitabine
and azacytidine, have usually low response rates
and 3-4 months are needed to achieve a response.
Currently the optimal treatment for elderly pa-
tients with AML (>65 years and ineligible for
intensive chemotherapy or >75 years) is asso-
ciation of oral bcl-2 inhibitor venetoclax with a
HMA such as decitabine or azacytidine (16).
Recurrent cytogenetic abnormalities involving
KMT2A4 gene on chromosome 11q23 were re-
ported in 3-4% of adult AML. The prognostic
significance of the rare translocations, other than
t(9;11) were rarely reported. The t(11;v)(q23;v)
is an independent poor risk factor and the eli-
gible patients will benefit from allogeneic stem
cell transplantation in first remission (17).
KMT2A gene mutations have different prognos-
tic value depending on the fusion partner and

testing for these anomalies is incorporated in
some protocols (11).

In our case, the patient outcome was favorable,
with at least partial response. Involvement of the
1123 (KMT2A gene) with other partner genes
than MLLT3 on chromosome 9p21 is associated
with a poor prognosis. No series of AML patients
with ARHGEF 12 fusion was reported yet and a
response to treatment, based on this characteris-
tic is difficult to interpret. In elderly patients, as
our patient, the treatment options are limited to
LDAC and HMA associated or not with veneto-
clax. Lack of response to any of these treatments
was as yet not reported. In younger, transplant
eligible patients, poor prognostic genetic risk is
an indication for allotransplant in first complete
remission. More reports are needed in order to
clarify the role of ARHGEF12 (LARG, 11q23.3)
and MAPREI (EBI, 20q11.21) fusion gene in
AML patients.

As reported by Shih et al (18), the 11923.3
translocation is not evident on standard karyo-
type in some cases. Sometimes FISH or other
molecular techniques are needed to identify the
variant translocations (18). Thus, we suggest
LD-RT-PCR analysis as the first approach for
fusion gene investigation. Moreover, we consid-
er LD-RT-PCR analysis as a rapid and low-cost
technique that may be performed for the first in-
vestigation of leukemia patients. Our AML pa-
tient did not present CNAs, but as previously re-
ported, we agree that MLPA represents a useful
analysis for the detection of CNAs with clinical
significance (8-10, 19-20).

Conclusions

Full evaluation of all AML patients should be
made in clinical practice, including molecular
analysis. After examination of the peripheral
blood and bone marrow aspirate by microsco-
py and immunophenotyping for diagnosis, the
molecular analysis adds more information about
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disease risk and leukemia pathogenesis. The
outcome of our AML patient was favorable but
other patients with fusion genes involving AR-
HGEF12 (LARG, 11¢g23.3) and MAPRE1 (EBI,
20q11.21) should be reported, contributing to a
better characterization of the disease, to mon-
itoring the minimal residual disease and in the
end to more targeted treatment options. LD-RT-
PCR represents a valuable multiplex technique
for fusion gene analysis.
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