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INTRODUCTION

Acute myeloid leukemia (AML) cells usually express HLA-DR (DR) antigen,
with the exception of M3 (French-American-British; FAB) subtype, which is
characteristically DR-negative (DR"). Although the infrequent existence of DR™ non-M3
AML cases has been known, the phenotypic spectrum and the gene abnormalities of the
DR™ non-M3 AML cases have yet to be clarified. One study pointed out that there is a
correlation among 3 rare characteristics found in AML: the DR” status, the cup-like
nuclear structure and the fins-like tyrosine kinase (FLT3) internal tandem duplication
(ITD) (FLT3-ITD), but not a direct correlation between FLT3-ITD and DR status. This
led us to investigate the mutations of the FLT3 gene and the expressions of cell-surface
antigens (CSAs) in DR” AML (M1/M2) cases in comparison with DR" cases.
MATERIALS AND METHODS

Twenty-nine DR™ M1/M2 samples were found among 259 AML samples that
were submitted to the Department of Laboratory Medicine, Kobe University Hospital,
for CSA analysis and additional tests. CSA analysis was performed by direct or indirect
cell-surface immunofluorescence, using a total of 18 monoclonal antibodies, in 29
DR™M1/M2 samples and 30 DR* M1/M2 samples. Samples were defined as positive
when the indicated antigen was detected on > 20% of cells in the leukemic gate, except
for CD13, CD33, and CD34 which used > 15%.

RT-PCR for PML-RAR« was performed in the DR™ M1/M2 samples to confirm
the absence of PML-RARa fusion gene. RT-PCR to detect the FLT3-ITD and D835
mutation were performed in 55 (27 DR™ and 28 DR*) M1/M2 samples, in which the
c¢DNAs were available. Samples, which were positive for FLT3-ITD and D835
mutations, were subsequently sequenced after ligation with a TA cloning vector
(Invitrogen, Carlsbad). The obtained sequences were compared with the wild-type FLT3
mRNA reference sequence (GenBank accession no. NM_004119.1).

SPSS version 10 for windows was used to analyze the CSA data and the
incidence of FLT3-ITD and D835 mutations to examine the significance of differences
between DR™ and DR* M1/M2 AML samples. The analyses were performed by the Chi-
square test (Fisher’s exact test for two-sided test) and the P<0.05 were considered as

statistically significant.

RESULTS
Cytogenetic analysis and PML-RARa fusion mRNA

The cytogenetic analysis revealed normal karyotypes in 19 available data of DR™
samples and PML-RARa fusion mRNA was not detected by RT-PCR in any of the DR™
M1/M2 AML samples.
Cell-surface Antigen (CSA)

The expression patterns of several antigens were different between the DR™ and
DR groups. These antigens included CD34 antigen (P<0.0001), CD7 antigen (P=0.002),
CD45RA antigen (P<0.0001), and CD45RO antigen (P<0.0001). CD34 was negative in
24 of 29 DR™ samples. CD7 was not expressed in 26 of 28 DR™ samples. CD45RA/RO
isoforms in the DR™ AML were tested in 25 samples (10 M1 and 15 M2). In the DR™ M1
group, 8/10 expressed RA/RO* (RO-type) and 2/10 expressed RA*/RO™ (RA-type), and
no RA*/RO" (mixed-type) was observed. In the DR™ M2 group, each of the expression
patterns of CD45RA/RO isoforms were found at almost equal rates. The RO-type, RA-
type, and mixed-type were observed in 5/15, 4/15, and 6/15 of DR™ M2 samples,
respectively. The CD34 and CD7 status was found in 12 of 13 RO-type DR™ M1/M2
samples. Almost all DR* M1 and M2 cases expressed the RA-type. No RO-type was
observed in either M1 or M2 DR" samples. In contrast, The RO-type was observed only
in the DR™ group, and almost all DR™ M1 samples.
Incidence of FLT3 mutations in DR M1/M2 AML

FLT3-ITD and D835 mutations were detected in 21 of 55 (38.2%) and 3 of 55
(5.5%) M1/M2 AML samples, respectively. Of 27 cDNAs that were available from the
29 DR” samples, 18 samples (66.6%) had FLT3 mutations: ITD in 16 samples and D835
in 2 samples. In contrast, the incidence of FLT3 mutations in the DR" group was lower,
found only in 6 of 28 samples (21.4 %), with ITD in 5 samples, and D835 in 1 sample.
The incidence of FLT3-ITD was higher in the DR™ group than in the DR’ group
(P=0.002), whereas the incidence of D835 mutation showed no significant difference
between the two groups (P=0.611).
FLT3 mutations analysis

A simple duplication was found in 11 cases, and a duplication with insertion in 7
cases. An insertion derived from intron 14 was detected in 2 cases. All mutations

resulted in in-frame transcripts and ranged in size from 18 to 93 nucleotides (median 60).



Two mutation-type sequences showing deletion in exon 14 of the juxtamembrane (JM)
region were newly found in a case of DR™ M2 having (8;21). Four new additional point
mutations (PMs) and polymorphism in exon 13 nt 1740, besides the encountered ITD,
were detected in 3 DR™ samples and in 2 DR samples respectively.

Sequencing of the D835 point mutations revealed a common mutation D835Y, in
two DR™ samples. In DR* Sample, the sequencing revealed 2563-2564T>AinsCCTCCC,
resulting in the substitution of Ile by Thr, Ser, and His. Nonetheless, the mutant sequence
within the kinase domain remained in-frame after the insertions.

DISCUSSION
FLT3 mutations _

The incidence of FLT3 mutations (ITD and D835) in the DR™ M1/M2 AML
samples was high (66.6%). The incidence of FLT3-ITD mutations (59.3%) in the DR™
M1/M2 cases is comparable to that in the reported M3 variant cases (45%-65%). Thus,
FLT3 mutation is the most common genetic alteration in DR™ M1/M2 AML cases, since
there is no known common chromosomal abnormality or other gene alteration in this
subset. The high incidence also indicated that DR™ M1/M2 is one of the AML subsets in
which FLT3-ITD mutation is found most frequently. There was a significant association
(P=0.002) between the DR status and the FLT3-ITD in the tested M1/M2 AML cases.

The incidence of D835 mutations in DR™ M1/M2 AML (7.4%) coincided with
those found in other studies of AML (7%-10%). In contrast to FLT3-ITD, there was no
significant association (P=0.611) between the D835 mutation and the DR status in the
M1/M2 AML samples.

FLT3-ITD mutations always led to in-frame transcripts, and each of the mutant
ITD sequences were unique for each sample, except in the two samples that had a
duplication derived from intron 14. Interestingly, one case of DR" M2 AML, exhibited
not only duplication and insertion but also deletion of the JM-domain coding region.
This is the second report of in-frame deletions in the JM-domain-coding region, and the
first report in AML. This sort of small deletion (11-12 amino acids) has already been
demonstrated to cause constitutive activation that might result from alteration of the
length of the M domain.

The 4 newly found point mutations (PMs) in exon 14 (S574 and E598), exon 13
(C553) and exon 12 (N520), were detected in the allele in which the ITD mutations were

found (manuscript in press). The point mutations in the JM region result in dimerization
and activation of the FLT3 receptor, although the resultant activation is weaker than that
which the FLT3-ITD or D835 mutations can cause.

Cell-Surface Antigens (CSA)

CD45R0 expression accompanied by the CD34” and CD7™ status was the
commonest pattern in the DR™ M1 cases. The CD34™ and CD7" status was also the
commonest pattern in the DR™ M2 cases. However, the pattern of CD45RA/RO isoforms
was diverse, and included the mixed-type (40%), RO-type (33.3%), and RA-type
(26.7%). This diverse pattern of CD45RA/RO expression in the DR™ M2 phenotype
entity can be explained by the interpretation that the RO to RA shift is just starting along

with maturation.

The DR status is not the isolated absence of an antigen, but is a change of
pattern in which the expression of multiple antigens is turned on or off in a coordinated
manner. One study reported that 10% of non-M3 cases M1/M2 AML) were DR™ and
CD34". A class of lineage-marker-negative (Lin”) human hematopoetic repopulating
cells of which the distinguishing features were CD34", DR”, and Thy-1" was discovered
previously. The phenotype of the DR™ M1/M2 cells can be explained by the aberrant
over carry of the Lin"CD34°CD38" phenotype in the immature myeloid stage. These
Lin"CD34°CD38" cells may possibly express CD45RO.

General Comments

The high incidence of FLT3-ITD in the DR™ M1/M2 AML has not been reported
by direct analysis. We found that the DR™ status in M1/M2 AML is associated with the
CD347, CDT7", and CD45RO" expressions. Nonetheless, the overall phenotypic spectrum
and the gene abnormalities in the DR™ AML (M1/M2) have yet to be delineated.
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