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Background:  Conventional  automated
hematology analyzers have limitations in
platelel measurements such as poor accu-
racy and precision in the low count rangse
and interference by nonplatelet particles.
In order to improve i, the newly developad
XN-Series automated hematology analyz-
ers (Sysmex Corporation, Kobe, Japan)
have been installed with a new dedicated
channel for platelet analysis (PLT-F}, which
is based on a fluorescence flow cylome-
try method with uses of a novel fluores-
cent dye specifically staining platelets. We
evaluated the basic psrformance of this
new PLT-F channel. Methods: Basic perfor-
mance of the PLT-F channel in within-run
reproducibility and assay linearity was stud-
ied using standard methods. Correlation
was studied between PLT-F and a conven-
tional automated hematology analyzer (XE-
2100} and immunoplatetet analysis using
anti-CDB1 monoclonal antibody (Cell-Dyn

Sapphire; Abbott Laboratories). The assay
interference by nonplatelet particles such
as fragmented red and white blood cells
was evaluated by using clinical samples,
respectively, from. burn injury and acuie
leukemia. Resulfs: Basic performance of
the PLT-F platelet counting was satisfac-
tory in withinrun reproducibility, linearity
and corelation with the conventional ana-
lyzer. The correlation was satisfactory also
with the immunoplatelet analysis, even for
samples from a patient with burn injury,
and those with white blood cell fragments
displayed, platelet abnormal flag and low
platelet counts (<50 x 10°1). Conclusion:
The platelet counting performance of the
PLT-F channel of the XN Series had im-
proved accuracy and precision in the low
range and in ‘abnormal samples, avoiding
the interference by nonplatelet particles.
J. Clin. Lab, Anal. 28:341-348, 2014. ©
2014 Wilsy Pariedicals, Inc.
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INTRODUCTION

Accurate platelet counting in the low count range is of
prime importance for deciding if a platelet transfusion is
needed and formonitoring the course of platelet counts af-
ter cancer chemotherapy (1,2). There are a number of fac-
tors that influence accuracy in platelet counting in the low
range by conventional automated hematology analyzers.
Among such factors, nonplatelet particles with platelet-
sized fragmented red and white blood cells cause falsely
high analysis results. In such a case, the platelet count is
verified by the manual method or immunoplatelet analy-
sis using anti-CD61 monoclonal antibody (3,4). However,
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cytopenia; nonplatelet particle

the manual method has problems in skill requirement, as-
say variation because of skill difference among person-
nel and a labor-intensive procedure. The immunoplatelet
analysisis difficult to nse routinely in many medical facili-
ties because of practical reasons such as the requirement of
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a dedicated analyzer, expensive reagents, and large sam-
ple volume of 1 ml or more. To solve these issues, the
newly developed XN-Series automated hematology ana-
lyzers are equipped with a PLT-F channel, which uses a
flow cytometry-based platelet counting method wherein
platelets are specifically stained with a novel fluorescent
dye, in addition to the PLT-I channel based on an electri-
cal impedance method and the PLT-O channel based on
an optical method, which have been provided in the con-
ventional X-Class (XE and XT-Series) analyzers (Sysmex
Corporation, Kobe, Japan; (5)). We evaiuated the basic
performance of the PLT-F channel in platelet counting
and the usefulness of this channel in analysis of samples
containing interfering nonplatelet particles.

MATERIALS AND METHODS
Samples

Clinical samples used in the study were submitted to
the clinical laboratory of Tokai University Hospital fora
complete blood count test and sampled during a 6-month
period from September 2010 to March 2011, Peripheral
blood was taken with addition of EDTA-2K as an anti-
coagulant. Samples from a concentrated platelet bag for
transfusion were used for the linearity study in a high
range of platelet count. The study was approved by In-
stitutional Review Board for clinical research of Tokai
University Hospital (12R116).

Instruments

The newly developed antomated hematology analyzer
XN-2000 (XN) was used as an instrument {5). XN counts
and classifies blood cells by the DC (direct current) detec-
tion method and flow cytometry using a semiconductor
laser. In platelet counting by the PLT-F channel, platelets
are stained with a fluorescent oxazine dye that is specifi-
cally bound with nucleic acid-rich platelet organelles such
as ribosomes and mitochondria. They are irradiated with
a semiconductor laser beam, and then the forward scat-
tered light and side fluorescence intensities of cach platelet
are plotted on a 2D scattergram to differentiate and count
the platelets (Fig. 1). This technique enables specific dif-
ferentiation of platelets from other blood cells and inter-
fering particles such as red blood cell fragments. More-
over, the analyzed sample volume of the PLT-F chan-
nel is about five times larger than those of conventional
methods, in order to obtain highly precise data even with
low platelet count samples. XN also measures PLT-1 and
PLYT-O by the electric impedance and optical methods,
respectively. We used an automated hematology analyzer
XE-2100 (XN) for comparison with XN. Cell-Dyn Sap-
phire (CD61 method, Abbott Diagnotics, Lake Forest,

. Clin, Lab. 4nai.

IL), an immunological platelet analysis system with use
of FITC-labeled mouse monoclonal antibody against the
platelet membrane glycoprotein GPIHa (CD61), a recom-
mended international reference method, was used as the
reference (3).

Within-Run Reproducibility

Within-run reproducibility was evaluated using samples
with three concentrations (low, normal, and high}, and
coefficient of variation (CV%) continuously measured ten
times was determined. The CV continuously measured
five times was calculated using samples with a low platelet
count (<350 x 10°/1) and positive for “PLT abnormal dis-
tribution” flag (n = 3).

Assay Linearity

Assay Hnearity of a high range was evaluated, using a
nine-point dilution series of a sample made from a con-
centrated platelet bag for transfusion with CELLPACK
DCL, the diluent specific for XN, For evaluating linearity
i a low range, a healthy patient sample was diluted with
CELLPACK DCL to prepare an 11-pont dilution series.
Samples of each dilution level were measured three times
and the mean value was used for evaluation.

Storage Stability

Samples (n = 3) from healthy patients were stored at
either 4°C or room temperature, and the storage sta-
bility of PLT-F was examined from collection to after
48 h. Samples {(n = 3) with a low platelet count (<100 x
10°/1) were stored at room temperature, and their storage
stability from collection to after 7 h was studied.

Correlation With XE-2100

The correlation of platelet counts was studied for PLT-I
(XE) versus PLT-I (XN), PLT-0 (XN), and PLT-F (XN},
and also was studied for PLT-O (XE) versus PLT-1 (XN),
PLT-O (XN}, and PLT-F (XN) using samples (n = 764
and » = 35, respectively) that did not trigger the “PLT
abnormal distribution” flag in the XE analysis. To ascer-
tain causes of the discrepancy in platelet counts between
different methods, the distribution patterns of XN PLT-F
and RET scattergrams, which measured reticulocytes and
PLT-O, were examined.

Correlation With Immunoplatelet

Correlation of platelet counts was studied for CD61
versus PLT-1{XE, n == 21} and CD6&1 versus PLT-I {(XN),
PLT-O (XN), and PLT-F (XN, # = 21} using samples of
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Side Fluorescence Light

Fig. 1. Principle of PLT-F channel. (A) Platelets stained with the dedicated reagent of PLT-F {fluorescent microscopy image). The staining pattemn
of platelets by the Auorescent dye is localized, reflecting fts specific binding 1o nucleic ucid-rich organelies. (B) PLT-F scattergram. Alter plutelets
are stained with fluorescence dye (A). they are differentiated using information froms the forward scattered light and side fluorescence intensity (B).

“ IPF, imnsature platelet fraction.

a platelet count <50 x 10°/1 (XE) that did not trigger the
“PLT abnormal distribution” flag in XE. Correlation of
platelet counts was also studied for CD61 versus PLT-I
(XE, n=42)and CD61 versus PLT-I (XN}, PLT-O (XN),
and PLT-F (XN, n = 45) using samples that triggered the
“PLT abnormal distribution™ flag in XE. The correlation
was also studied using selected samples of a platelet count
<50 x 10°/1 among the above (XN, n = 13; XE, n = 12).

Performance Evaluation of PLT.F Channel in the
Analysis of Abnormal Samples

‘The assay performance of PLT-F channel in the analysis
of abnormal samples containing white and red cell frag-
ments was evaluated. Platelet counts measured by CD61
of samples from two patients with acute leukemia at initial
diagnosis, which had a large number of small (platelet-
sized) to large white blood cell fragments, were compared
with PLT-I (XN), PLT-O (XN), and PLT-F (XN) counts.
The within-run reproducibility of samples (» = 8§) col-
lected from a patient with burn injury, which had small
red blood cell fragments, was examined by PLT-F and
the measurement was continuously repeated five times in
each sample. The correlation of platelet counts was stud-
ied for CD61 versus PLT-1 (XE) and CD61 versus PLT-
I {XN), PLT-O (XN), and PLT-F (XN} using samples
{n = 32) from a patient with burn injury. Samples from 2
burn injury patient were analyzed for the platelet count at
different time points during the clinical course by CD61

versus PLT-1(XE), PLT-I(XN), PLT-O (XN), and PLT-F
(XN} to examine the influence of fragmented red blood
cell on the platelet count by each method,

RESULTS
Within-Run Reproducibility

The CV of samples of the three different concentrations
studied (41.3, 245.0, and 886.3 x 10°/1 by PLT-F) was in
the range 1.0-4.6% for PLY-I, 1.6-6.3% for PLT-O, and
0.7-1.6% for PLT-F, the CVs remaining small throughout
the low to high ranges of concentration. The comparison
of the three methods showed that the within-run repro-
ducibility was best (the CV was smallest) with PLT-E. The
CV of the three samples with low platelet counts that had
triggered the “PLT abnormal distribution” flagin the XE
was in the range 10.9-27.9% for PLT-], 3.3-11.4% for
PLT-O, and 1.9-8.3% for PLT-F Thus, the PLT-F had
the best within-run reproducibility.

Assay Linearity

The dilution linearity was shown in high platelet con-
centrations ranged up to 3,800 x 10°/1 for PLT-1 {y =
0.9888x + 19.946), 3,510 x 10/1 for PLT-O (y = 0.993x
+ 28.723), and 4,132 x 10°/1 for PLT-F (y = 0.9882x
+2.2539). The dilution linearity was also shown in the low
platelet concentration range of 4-45 x 10°/1 for PLT-1 (y
= (,9882x + 0.849), 4-46 x 107 /1 for PLT-O (y = 1.0118x

J. Clin. Lab. Anal.
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Fig. 2. Corrclation of pltelet counts between CDGL and XN, (A) Samiples that did not display the “PLT abnormal distribution™ flug and had a
platelet count below 50 x 16771, (B) Samples that displayed the “PLT abnormal distribution” Rag. (C) Samples with a platelet count below 50 %
19% /71 among samples that displayed the “PLT abnormal distribution” flug. White dots show results with PLT-1 that differed from the CD61 counts

by more than 26 = 10%/1.

+0.7396), and 5-46 x 10°/1 for PLT-F (y = 0.9812x —
0.3103). Thus, the PLT-F method showed good linearity.
the line passing closer to the origin, as compared to PLT-I
and PLT-O in the low and high count ranges.

Storage Siability

Platelet counting of the three samples taken from
healthy patients remained stable up to 48 h at both
4°C and at room temperature. Even samples with low
platelet counts were stable for 7 h after collection (data
not shown).

Correlation With XE-2100

The correlation of the platelet counts of samples that
did not trigger the “PLT abnormal distribution™ flag was
good, the correlation coefficients (rs) being respectively

A Clin, Lab, dnal,

0.979,0.966, and 0.968 for PLT-1 (XE) versus PLT-I (XN),
PLT-0 (XN}, and PLT-F (XN), and 0.991, 0.988, and
.989 for PLT-0O (XE) versus PLT-I (XN), PLT-O (XN),
and PLT-F (XN),

Correlation With immunoplatelet

The correlation coefficients (rs) of platelet counts mea-
sured by CID61 versus the three methods in XN using sam-
ples (n = 21) that had a platelet count below 50 x 10°/1
and did not show “PLY abnormal distribution” flagin XE
were, respectively, 0.813, 0.967, and 0.994 for PLT-I(XN),
PLT-0 (XN), and PLT-F (XIN), Thus, the correlation was
nighest with PLT-F (Fig. 2A). Correlation with CD61 re-
vealed r values 010,995, 0.997, and 6.997 for PLT-I (XN},
PLT-O (XN), and PLT-F {XN), respectively, with sam-
ples that triggered the “PLT abnormal distribution™ flag
in XE (Fig. 2B). There was not much difference among
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B Case2
PLT-

Fig. 8. Histograms (PLT-1) and scattergrams (PLT-COand PLT-FY of samples appeared white blood cell fragments. Dashed line in the PLT-I
histogram shows platelet volume 13 L. In PLT-F scattergram, the boundary line between the PLT and WRBC arcus is in the zone between them
with few dots of particles. The part circled with the red line is believed to be where white blood cell fragments are plotted.

the correlation coefficients for platelet counts by CD61
versus the three methods in XN, However, for samples
with 4 platelet count below 50 x 10771, the correspond-
ing r values were 0,725, 0.822, and 0.986, respectively, for
PLT-I (XN), PLT-O (XN). and PLT-F (XN, Fig. 2C).
With PLT-1, two samples gave results that differed from
the CD61 counts by more than 20 x 10°/1 (Fig. 2C, white
dots), The XN RET scattergram, which counted the retic-
uloeyte,; showed dots in the fragmented red blood cell and
microcytic red blood cell areas, and the “fragments” flag
was displayed. The PLT-F scattergram did not show any
interfering particles in the platelet area.

Performance Evaluation of PLT-F Channel in the
Analysis of Abnormal Samples

The platelet count of a sample from a patient with acute
leukemia (Case 1) was 11 x 107, 26 x 10°, 20 x 10°, and
15 x 10°/1 by CD61, PLT-1, PLT-O, and PLT-F, respec-
tively. The peripheral blood had small fragments of the
white blood cell but only a flag warning of low platelet
count was displayed in XN analysis. The platelet dots
were dispersed in the RET scattergram of XN, and con-
tamination of white blood cell fragments could not be
ruled out. The fragments of white blood cell were plot-
ted in the WBC area of the PLT-F scattergram, with no
intrusion into the immature platelet fraction (IPF) area.
The platelet count by PLT-F matched with that by €61
(Fig. 3). The platelet count of a sample from another pa-
tient with acute leukemia (Case 2) was 15 x 10%,25 x 10°%,

19 x 10°, and 7 x 10°/1, by CD61. PLT-1, PLT-O, and
PLT-F, respectively, The peripheral blood showed white
blood cell fragments that were larger or smaller than red
blood cells. Flags warning of low platelet counts, platelet
aggregation, and abnormal RET scattergram were dis-
played in XN. The white blood cell fragments were seen
as an abnormal cluster above the IPF area of high fluores-
cence intensity in the PLT-F scattergram, and this cluster
was recognized as white blood cells. The platelet count by
PLT-F was slightly lower than the CD61 count, and in-
fluence of white blood cell fragments could not be found
(Fig. 3). On the other hand, in the PLT histogram curve
showed some fluctuations in the region representing celis
with volume larger than 15 fL (Fig. 3, dashed line in the
PLT.I histogram).

In the performance evaluation of the PLT-F method,
using samples from a burn injury patient, the within-run
reproducibility of the PLT-F counts was good (CV
1.2-4.4%, the CV being small even in samples with a
low platelet count (Table 1). The correlation of the PLT
counts measured by CD61 and other methods was the
highest with PLT-F (XN, » = 0.979), and the slope of
the regression equation was also close to 1 (Fig. 4A). As
for the monitoring of changes in the platelet count with
samples from the burn injury patient, both the PLT-I
and PLT-O methods gave results considerably different
from those of CD61 soon after the injury because of the
influence of fragmented red blood cells and microcytes.
However, these differences decreased gradually with time
and no influence of the contamination of red blood cell

£ Clin, Lab, Anal.
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TABLE 1. Within-Run Reproducibility of Platelet Counts by
PLT-F Method in Analysis of Samples From a Burn Injury
Patient

Platelet counts by PLT=F method {% 10770

Sample no. Muax Min Range Mean 8D CV%
i 21 20 i 202 4 24
2 33 30 3 320 14 44
3 43 42 1 04 03 12
4 75 72 3 73.2 1.3 I.8
b 83 80 3 81.4 I3 1.4
6 136 151 3 1532 1.9 1.2
7 167 162 § 164.2 1.9 1.2
8 173 168 5 1712 2.2 1.3
N

fragments was seen after day 4. On the other hand, the
platelet counts by PLT-F corresponded with those by
CD#61 throughout the study period (Fig. 4B).

DISCUSSION

We evaluated the basic analytical performance of the
newly dedicated platelet counting channel, the PLT-F, of
the automated hematology analyzer XN-2000. As for the
within-run reproducibility, the CV of PLT-F counts was
small compared to PLT-I and PLT-O and the difference
was more clear in the low platelet count samples. Di-
lution linearity was confirmed over a wide range, [rom
low to high platelet counts, in PLT-F as in other analysis
methods.

CD61 immunological platelet analysis method is a
highly platelet specific method that uses 2 monoclonal
antibody against the platelet membrane protein GPlIa
{CD61), and is a recommended international standard
method (6,7). CD61 has been reported to give results that
are highly correlated with those of the manual method
{(Brecher—Cronkite method) even in samples with a low
platelet count (<50 x 10°/1). Among the various meth-
ods tested here, PLT-F gave higher correlation with CD6}
compared to PLT-1 and PLT-O for samples with a platelet
count <50 x 10”/1, Moreover, the PLT-F method showed
good linearity, the line passing close to the origin. This
seems to be because of better accuracy of the PLT-F
method compared to PLT-1 and PLT-O in the low count
range. Samples that showed a discrepancy >20 x 107/1
between CD61 and PLT-T counts with XN analyzers dis-
played the “fragments” flag, which indicated the presence
of fragmented red blood cells or microcytes, and these ap-
pear to have interfered with the platelet counting in the
PLT-I channel.

Nonplatelet particles that can cause falsely high platelet
counts include white and red cell fragments, White blood

A Clin, Lab, 4nal,

cell fragments are often seen in cases where there is an
extréme increase in white blood cells, such as in leukemia.
Quite often these fragments are of about the same size as
platelets, resulting in falsely high platelet counts by PLT-I
and PLT-O (4, 8). Among the PLT-I, PLT-O, and PLT-F
platelet counting of samples with white blood cell frag-
ments studied here, the counts by PLT-I were the highest
in comparison to CD61. In the platelet histogram, the
curve formed a shoulder followed by an irregularly wavy
pattern in the region of cells larger than 15 fL. This sug-
gested the possibility of white blood cell fragments be-
ing counted as platelets. The PLT-O method gave slightly
higher platelet counts than CD61. The platelet count of
Case 1. determined by PLT-F matched with that by CD61.
The PLT-F platelet count of Case 2 was slightly lower than
by CD61. In the scattergram, the boundary between the
platelets and white blood cell fragments passed through
an area where only a few dots were plotted. Thus, there
was no abnormality in the manner of defining the bor-
derline, and the cause of the low platelet count of Case 2
could not be identified. Nevertheless, the two cases studied
here did not give falsely high counts in the PLT-F analysis.
This result sugpested that platelet analysis by PLT-F could
possibly avoid the influence of white blood cell fragments.
These results point to the need for further investigations
with a larger number of cases to determine “optimal al-
gorithms and differentiation criteria” for discriminating
white blood cell fragments from platelets.

The PLT-1 and PLT-O counts of samples from patients
with burn injury are often falsely high because of the small
fragmented red blood cells are inadvertently registered
as platelets, In contrast, the immunological method of
platelet counting is useful for samples of burn injury cases
as it is not affected by nonplatelet particles like small
fragmented red blood cells, and gives accurate platelet
counts, In the present study, the counts by PLT-1and PLT-
O appeared to be falsely high, as they were much higher
than those of CD61. In monitoring of the burn injury
case, the platelet counts of the CD61 and PLT-F methods
were quite similar whereas the PLT-I and PLT-O counts
remained higher than them up to day 4. These results
confirmed that in the analysis of burn injury samples, the
PLT-F method was not influenced by small fragmented
red blood cells, a cause of falsely high values, and gave
results similar to those of CD61. Furthermore, PLT-F
counting of samples from burn injury patients had good
within-run reproducibility, the CV being small.

We believe the improved accuracy and precision of
platelet counting with the PLT-F over the PLT-O analysis
of samples containing interfering nonplatelet particles is
due to the difference of specificity to platelets between
fluorescent dyes, oxazine, and polymethine, respectively.
The nonspecific binding of the latter to the cellular
membrane has been a cause of falsely counting of the
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small fragmented red blood cells as the platelets, which
has been minimized in the former. ;

With the XE analyzer, when “PLT abnormal distri-
bution” fHag appears in the PLT-1 analysis, a message
prompting analysis by PLT-O is displayed. With such
samples, the PLT-O analysis is additionally carried out

through the RET channel. However, there is often consid-
erable discrepancy between the PLT-I and PLT-O counts.
The reporting of platelet counts relies on automatic
assessment by the analyzer’s switching function, which
selects one of the two methods (9, 10). In our laboratory,
when the cause of such a difference cannot be ascertained

J. Clin. Lab. Anal.
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by observation of the blood smears, the platelet counting
is performed by a manual method (indirect method) for
confirmation. When the difference is considerably large,
the CD61 immunological analysis is also carried out and
the results are reported. In such types of samples, the
additional handy procedure of PLT-F analysis would
allow us to report accurate platelet counts.

The operation of the analyzer for PLT-F analysis is
simple, rapid, and inexpensive, and the required sample
volume is small (88 wl). PLT-F analysis obviates a need
for the dedicated equipment and expensive reagents re-
quired for an immunological method. It can be employed
for routine testing to provide rapid analysis and report-
ing on a 24-h basis. Therelore, the analyzer would con-
tribute to more appropriate clinical decision making such
as in blood transfusion, as it provides highly accurate and
rapid platelet counting, and would be useful for efficient
operation of hematological or clinical laboratories. This
is supportive of a previous report on the performance
evaluation of the XN series, which has suggested that the
analvzer improves confidence of results and workflow ef-
ficiency in a routine hematology laboratory {5).

In conclusion, the performance evaluation of the
platelet counting of PLT-F, a new function of the auto-
mated hematology analyzers XN-Series, confirmed that
it could provide better precision and accuracy of analysis
for low platelet counts and even with abnormal samples,
avoiding the interference by nonplatelet particles such as
that in burn injury and leukemia.
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Letter to the Editor

Elimination of interference by lipids in the low
WBC made in the automated hematology analyzer
XN-2000

Sir, The dissemination of chemotherapy in various
malignancies and expanded application of stem cell
transplantation have currently made more chances for
the physicians to take care of the patients with leukope-
nia {1, 2]. There is a demand for immediate and reliable
data for the low counts of white blood cells (WBC) in
automated hematology analyzers. However, the measure-
ment of WBL counts and differeniials has a limitation in
the accuracy in leukopenia. Particularly spuriously high
counts by the contamination of nucleated erythrocytes
{NRBC) and lipids are problematic in the care of the leu-
copenia patients [3]. Conventional analyzers usually use
scattered  lights or direcr-current  electricity 1o count
WRBC, and thus, the inensities are subject 1o interference
from such a non-WBC particle.

The newly developed automated hematology analyz-
ers XN-series {Sysmex Corp., Kobe, Japan) have several
muodifications for the reliability of measurement by opti-
mization of the reagent reactions, ‘the signal processing,
and the analysis algorithms: The contamination of NRBC
in the measurement of WBC counts is eliminated using
WNR channel, and the aceurate WRC differentials. are
provided using WDF channel [4]. Using fluorescence
staining for nucleic acid and scattered light, both mea-
surement channels exclude the interference such as lipid,
nonlysed RBCs, and so on. Furthermore, using the WDF
channel, the XN-series are also equipped with the low
WBC (LW} mode, which is intended for measurement of
a low range of WBC count and differemiation by count-
ing threefold sample volume [4].

We have evaluated the assay performance of WBC
counting of XN-2000 in a low range by comparing the
LW and the normal measurement mede (Whole blood
mode: WB mode), the conventional analyzer XE-2100
{Sysmex Corp.), and the manual method.

Clinical samples used in the study were submisted 1o
the dlinical laboratory of Tokai University Hospital for a
complete blood count test and sampled during a 6-month

50

peripd from September 2010 to March 2017, Pevipheral
blood was taken with addition of EDTA-2K as an antico-
agulant. The study was approved by Institutional Review
Board for Clinieal Research of Tokai University Hospital
{12R116} and Sysmex Com.

When the within-run reproducibility in 10 samples
with a LW count {<1.40 x 10%/L, three of them were
<0,13 % 10”/L) was determined in 5 -or 10 replicates, the
LW mode had better within-run reproducibility of WBC
counting than the WB mode, with the coefficients of var-
iation {CV%} being 0.6-7.7% and 1.6-11.2%. respec-
tively. The LW mode also provided better within-run
reproducibility than the WB mode in the analysis of the
absolute numbers of each cell fraction of WBC in neutro-
phil and lymphocyte, with the CV being <i5% in the
LW mode, as long ags the absolute count of each differen-
tial fraction was mere than 0.10 x 10%/L (data not
showny. This improvement in the measurement repro-
ducibility in LW mode is confirmatory of WBC counting
using threefold more cells in the samples in comparison
with the WB mode, The LW mode showed the linearity
of WBC counting in a range 0,01-1.15 x 10%7L (y=
0.990x + 0.002, r= 09997}, when evaluated with an
eleven-step dilution series using the diluent CELLPACK
{Sysmex Corp.). The linearity was also seen in each WB(
differential measured by the LW and WB modes: 0.01~
0.33 x 107 and 0.02-0.33 x 10°/L for neutrophils, 0.01~
0.61 % 10" and 0.05-0.56 x 10%/L for lymphocytes.

Then, we evaluated the interference of lipid particles
for WBC counting by the addition of fat emulsion to a
sample from 3 healthy volunteer. XN-2000 WNR and
WDE channel for WB and LW mode could accurately
count WBC by distinguishing it from the lipids (Fig-
ure ia and by On the other hand, XE-2100 showed false
elevation of WBC counts, with a curved strand of “Lissaj-
ous-like pattern’ plots in the scatiergram (Figure 1b)
I5, 61.

The method comparison for WBC counting between
the LW and WB modeés in XN-2000 and XE-2100
showed good correlation in the range of <1.40 % 10°/L
(293, 298 and 294 samples, respectively: Figure 2a).
However, 8 of the samples showed discrepancy in the

© 2013 John Wiley & Sons Lid, int. Jnl. Lab. Hem. 2014, 36, e50-254
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measured WBC counts by XN-2000 (the LW or WB
modes) and XE-2100. All the 8 discrepant cases showed
higher values of WBC counts up to 0.41 x 10°/L in
XE-2100 than those measured by XN-2000, which were
all below 0.06 x 10”71 actually. The WBC counts by
XN=2000 agreed with those determined with the stan-
dard manual method by one person using Turk’s solu-
tion and the Fuchs-Rosenthal chamber, which were
from 0.003 to 0.069 x 10%/L {0.003 x 10”/L in 5 sam-
ples, 0.009, 0.031, and 0.069 x 10"/L in each), suggest-
ing spuriously high WBC counts in XE-2100. The
WBC/BASO scattergram ol XE-2100 generated abnor-
mal distribution in all the discrepant samples. with the
“Lissajous-like pattern”  (Figure 2b) {5-7]. The WBC/
BASO chanmel of XE-2100 differentiates various cellg
according to  size and  morphological  information
obtained from the forward and side scatter light signals.
The lipids generate particles large enough that are not
correctly differentiated from blood cells because of their
similarity in  optical information. XE-2100 performs
WBC dlassification using nucleic add staining, so it
could provide accurate WBC count from the differential
channel. However, the result from that channel is for
only service data in XE-2100.

The spuriously high WBC counts by automated hema-
tology analyzers are caused by the contamination of
cellular and noncellular particles originating from the
specimen [3]. In the current study, it was Jound that the
abnormal clusters due to noncellnlar particles such as
lipids have been cleared from both their WNR and WDF
channels for WBC analysis. This improvement is
confirmatory of the principle for fractionating WBC in
XN-Series, where a fluorescent dye with a high affinity
to nucleic acids has been introduced,  theoretically
enabling the discrimination of WBC from nen-WBC par-
ticles such as lipids [4]. Therefore, we considered lipemia
specimens no longer interfere with WBC counting using
XN analyzer.

The method comparison study using 25 samples with
an extremely LW range <0.10 x 10%/L revealed that
WEBC counts by the LW and the WB modes had moder-
ate correlation with the manupal method, with a regres-
sionn line being y = 0.5828x +0.015 (r= 0.7829) and
3= 0.6424x + 0.0156 (r= 0L.7358), respeciivelv. A com-
bination of the low slope and the positive interception
sugeests more influences of Ialsely high values on the
fower range of WBC. In all the samples. the WNR seat-
tergram of XN-2000 displaved no apparent abnormal
clusters. In such a case, influences by the carryovers
from the previous analysis might be alse considered,

In contrast 1o the 'WB mode, the LW mode dose not
discard the differential data even in the extremely LW
range (0.01-0.1 x 10°/1), and the absolute nummbers as
well as the proportion of each cell fraction are displayed.

© 2013 John Wiley & Sons Ltd, it dnl, Lab Hem. 7014, 36, &50-854
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As the relerence method lor comparison, differential
WEC counts were determined with the manual method
by one person, where 10-100 cells were counted in
May-Grunwald-Giemsa-stained smears of samples having
7,003 x 10°/L or more WBC counts. The method com-
parison study nsing 29 samples with WBC <0.10 x 10%/
L revealed that data for differentialy displayed only by
the LW mode had moderate correlation with the man-
wal method for neutrophil and Jymphocyte counting
with a vregression line heing y = 1.1039x + 0.0123
{r=0.8730) and y=0.668x+ 00037 (r=07903),
respectively, These suggest that the absolute nunbers of
neutrophil or Jymphocyte counts generated by the LW
mode could be used as immediate and reliable data, as
supported by improvement in precision and accuracy in
terms of elimination of the interference by noncellular
particles.

In conclusion, evaluation of the analytical perfor-
mance of the newly developed automated hematology
analyzer XN-2000 for the WBC counting in a low range
revealed that a spuriously high count due 1o the interfer-
ence by the contamination of lipids had been eliminated,
Furthermore, the LW mode, which was newly equipped
in the analyzer, had better performance than the WB
mode in precision as evaluated by within-run reproduc-
ibility for a low range of WBC counts down 1o
0.10 % 10°/L, and the WBC diflerentials for neutrophil
and lymphocyte were reportable with moderate correla-
tion with the manual method for an exiremely low range
af WBC counts <0.10 x 10%L. The LW mode of
XN-2000 can be used as refevence lor the manual
method or in place of it, in a selective manner, depend-
ing on the range of WBC counts in leucopenia.
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The Leucine Twenty Homeobox (LEUTX) Gene,
Which Lacks a Histone Acetyltransferase Domain, is
Fused to KAT6A in Therapy-Related Acute Myeloid
Leukemia with t(8;19)(pl I;ql3)
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The monocytic leukernia zine finger protein KAT6A {formerly MOZ) gene is recurrently rearranged by chromosomal trans-
locations in acute myeloid leukemia (AML). KAT6A is known to be fused to several genes, all of which have histone acetyl-
wansferase (HAT) activity and interact with a number of transcription factors as a transcriptional coactivator. The present
study shows that the leucine twenty homeobox {LEUTX) gene on 19q13 is fused to the KAT6A gene on 8pli in a therapy-
refated AML with t(8:19)(p! 1;q13) using the cDNA bubble PCR method. The fusion transcripts contained 83 nucleotides
upstream of the first ATG of LEUTX and are presumed to create in-frame fusion proteins, LEUTX is known 1o have a
homeobox domain. Expression of the LEUTX gene was only detected in placenta RNA by RT-PCR, but not in any tissues
by Northern blot analysis. The putative LEUTX protein does not contain any HAT domain, and this is the first study
report that KAT6A can fuse to the homeobox gene. The current study, with identification of a new partner gene to KAT6A
in a therapy-relazed AML, does not elucidate the mechanisms of leukemogenesis in KAT6A-related AML but describes a
new gene with a different putative function,  © 2014 Wiley Periodicals, Inc.

INTRODUCTION French-American-British classification M4 or M3
phenotype (Aguiar et al,, 1997), The most frequent
cranslocation partner gene for KAT6A is CREBRP
in t(816)(p11.2;p13.3) (Borrow et al., 1996), other
8pll translocations involving KAT6A give rise 1o
fusion oncogenes such as KAT6A-NCOAZ (nuclear
receptor coactivator 2, also known as 77F2 or
GRIPD in invi8¥pllgl3y (Liang et al, 1998),

Several leukemias are genetically characterized
by the presence of acquired translocations and
inversiony that result in fusion genes of pathoge-
netie. diagnostic, and prognostic. importance. The
8pll wanslocations resulr in diverse oncogenic
fusion genes involving fibroblast growth factor
receptor 1 (FGFRI) or monoeytic leukemia zine fin-
ger protein (KAT6A, previously HOZ or HYSTH.
FGFRI encodes a receptor tyrosine kinase, rear-

rangements of which have been associated with Supported by a resvarch program of the Project for Development

stem cell leukemia/lymphoma or myceloproliferative of Inupvative Research on Cancer Therapenties (P-Direes) and »

cermbiae ae KATHA teon . o e . Grant-in-Aid for Sciemtific Research (G} from the Ministey of
neoplasm, ',.vhtti'{:{t? &'i Tod is ‘2 mcmbf% of a histone Education, Cilture, Sports, Science and Technology of Jupan,
“C@tyicmﬂsmms‘?mmli}’ associated with monoblas- *Conespondence tee Masafumi Taniwaki MD, PhD, Depar-
tic and monocytic leukemia (Patnaik et al., 2010). mene of Molecular Flewsarology and Oncology, Kyoto Prefectural
KAT6A-rel _i' Jocations Afe assock itl University of Medicine Gradnate School of Medieal Science. 465

AdsA-relared translocations are associared with Kajii-cho, Kawarumachi-hirokofi,. Kamigyo-kn, Kyoto 602-8866,
the same rype of acute myeloid lenkemia {AML), Japun, Eemail: soiwski@koro. kpu-mac.jp

with blast cells of a monocytoid phenotype having ;;:ir‘;;'i{;{;ﬁ;“”f*‘z“;}iz 13; Adcopied 5 Docembor 2013

pmnoyz.mrsed er};throphng:zcytxc activity. 'T‘hs_s stb- Published online 21 January 2014 in
type is found in ~2% of cases of AMIL. with the Wiley Ontine Library (wilevonlinelibrasy.comt,
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KATOA-FP300 {adenoviral ElA-associated protein
P300Y in UB22)pl1gl3) (Chaffanct e al, 2000),
and KAT6A-NCOAS (nuclear recepror conctivator 3,
also known as TRAM-1, RAGR, pCIP, or ALR-1Y in
t{R:20)(p11;q13) (Hsteyries et al, 2008). These
fusion genes produce the same disease pattern with
blast cells of a monoeytoid phenotype. Previous
studies have revealed thar KAT6A is essental
for the self-renewal of hematopoietic stem cells
{Katsumorto et al,, 2006: Thomas et al,, 2006}, and
KA'T6A fusion proteins enable the transformation
of non-seif-renewing mveloid progenitors into leu-
kemia stem cells (Huntly et al,, 2004). Other dara
have shown thar KAT64 cooperates with MLE 1o
regulate HOX gene expression in human cord
blood CD34+ cells (Paggetd er al, 20101 In the
present study, @ case of therapy-relared AML with
(EINPp I Liq13) was analyzed and a novel KAT64
fusion partner was identified using the ¢DNA bub-
ble PCR methad.

MATERIALS AND METHODS

Patient

A Tleyear-old male was initally diagnosed as
having non-Hodgkin's lvmphoma (diffuse large B-
cell lvmphoma, DLBCL, suage HIA, IPL high-
intermediate). He was treated with six eveles of
chemotherapy consisting of RTHP-COP (rituxi-
mah, pirarubicin, cyelophosphamide, vineristine,
and prednisolone), after which partial remission
was obtained. Six months after treatment iniria-
tion, he presented o the hospital complaining of
general malaise and dyspnea. Complete blood cell
count on admission demonstrared elevared white
blood cell count (6,62 X 10, 44% blast) and
thrombocytopenia (46 X 10%1). Bone marrow aspi-
rate showed 78.4% blast cells, and cytochemical
studies revealed rhat che blast cells were positive
for myeloperoxidase, non-specific esterase (burye-
ate esterase), and specific esterase (chloroacetate
esterase). He was diagnosed as having AML
(FAB M4). Flow cyrometric study also revealed
that the vast majority of leukemic cells were posi-
tive for CD4, CD13, CD33, CD56, and HLA-
DR, and high serum and urine lysozyme levels
were observed {289 mg/t and 0.4 mg/l, respec-
rively). These findings were also  consistent
with AML {(FAB M4). Ervihrophagoeytosis was
observed in bone marrow smears; however, extra-
medullary involvement was not observed. Other
significant laboratory data included elevared Jac-
rate dehvdrogenase (LDMH) of 2,093 U/ fbsin

Genes, Chromosanmes & Caneor 130V 10.1002/gcc

degradarion product (FDP) of 21.6 ug/ml, and
p-dimer of 16.9 ng/ml, which suggested dissemi-
nated  intravascular  coagulation (DIC).  The
parient did not respond to induction chemotherapy
with idarubicin and cytarabine, but responded par-
tally to second line therapy with gemtuzumab
azogamicin. However, he died four months after
the diagnosis of AML because of leukemia progres-
sion. After informed consent was obtained from the
patient, the leukemic cells at diagnosis were ana-
iyzed. The Insdtudonal Review Board of Kyoto
Prefectural University of Medicine approved this
study,

Spectral Karyotyping Analysis

Spectral karvoryping (SKY) analysis was per-
formed with a Sky Painting kit (Applied Spectral
Imaging, MigdalHa’Emek, Israel). Signal derec-
tion was performed according to the manufac-
wirer’s instructions.

Fluorescence In Situ Hybridization Analysis

Fluorescencee in situ hybridizadon (FISH) analy-
sis using KATrA-specific BAC clones (RP11-45111,
¥ of RAT6A and RP1I-389C21, § of KAT6AY was
carried out as previously described (Taniwaki et al.,
19943,

¢DMA Bubble PCR

¢DDNA bubbie PCR was conducted as previe
ously described (Chinen er al., 2008), and its out-
line is shown in Figure 1. The sequences of all
primers used in chis study are listed in Table 1
Nested PCR was performed using the primers
NVAMP-1 (bubble oligo} and MOZ-E16-18 for
first-round PCR, and NVAMP-Z (bubble olipo)
and MOZ-E16-28 for nested PCR. Poly(Ay+ RNA
was extracted from the patient’s leukemic cells
using the QuickPrep Micro mRNA Purification
Kit (GE Healrtheare, Waukesha, WI).

Bubble PCR of Genomic DNA

Bubble PCR of genomic DNA was performed
as previously described (Smith, 1992; Zhang et al,
199%), Primers used were as follows: NVAMP-1
and MOZ-GNM281 for first-round PCR, and
NVAMP-2 and MOZ-GNM282 for second-round
PCGR (Table 1),

REPCR and Genomic PCR Analyses
RT-PCR and genomic PCR analyses were per-
formed as previously described (Chinen et ol
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Figure 1. Outline of c¢DNA bubble PCR. Bubble PCR primers
(NVAMP-1 and NVAMP.2) can only anneal with one complementary
sequence for bubble ofigo synthesized with KATSA primer but not'bub-
ble oligo itself; therefore, this single-stranded bubble provides the spee-
ificity of the reaction, The sequences of primers used are listed In
Table |. Nested PCR was performed using primers NVAMP-| (bubble
ofigo) and MOZ-E16-18 for st round PCR, and NVAMP.2 (bubble

2008), After 35 rounds of PCR (30 s av 94°C, 30 5
ar 35°C, and 1 min at 72°Q), 5 ul of PCR product
was electrophoresed in a 3% agarose gel, Primer
pairs were as follows: MOZ-E16-18/MF19-1A8 and
MOZ-3AMMF19-18 for RT-PCR; MOZ-GNM2Z52/
MF19-GNM2A and MF19-GNM2S/MOZ-GNMZA
for genomic PCR: MOZ-E16-1S/LEUTX.5A for

oligo) and MOZ-E16-2S for nested PCR for the detection of KAT6A-
LEUTX fusion. transcripts, and primers NVAMP-] and MOZ-GNM2S!
for Istround PCR, and NYAMP-2 and MOZ-GNM2S2 for nested PCR
for the detection of KATBALEUTX genomic fusion point. NVAMPI and
NVAMP2 can only anneal to the newly synthesized unique sequence of
the bubble ofigo by MOZ-EI4-15.

RT-PCR to detect whole sequence of LEUTX in
the chimeric transcript (Table 1),
Nucleotide Sequencing

Nucleotide sequences of PCR products and, if
necessary, subcloned PCR products were analyvzed
as previously described (Chinen er al., 2008).
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Expression Analysis of LEUTX in Normal Tissues

Pre-made Northern blots (human 12 lane MTN
blot, Clentech, Palo Alto, CA) were hybridized w

TABLE 1. Primers Used in This Study

Forward primers

MOZ-Ei8-18 GGTGTCAGTCCTCTTCTAAG
MOZ-E16-25 GATGAAGAGTCAGATGATGCTG
MOZ-GNM2ST CCCTGATTAAGTTCCCATGG
MOZ-GNM252  TTGCTGATGCAGCCATTTCC
MF{9.18 CACACGGTTTTCAGCCTCAT
MFIS-GNM2S TCCCTTCAGTCTCTCACCCA
Reverse primers
MF19-1A8 AGTCTCCTCCTTCTTCACTG
MOZ-3A GCGTCATTGAGCCCATCGTTTCCA
MFI9.GNM2ZA CCAGTGGCAGAACAGTGAAT
MOZ-GNMIA TACTCTAGGCCATGACTGAG
LEUTX-5A TTACACTGAAGATTGGAGCTGG
Bubble PCR primers
NVAMPY TGCTCGTAGTAATCGTTCGCAC
NVAMP2 GTTCGCATGAGAATCGCAAGAT
A

Figure 2. A: SKY analysis. Arrows indicate rearranged chromosomes. 8 FISH

probes labeled using the Dig-labeled PCR method
according  to  the manufacturer’s  instructions
(Reche Applied Science, Gilroy, CA), Probes were
112 bp LEUIX cDNA fragments (nucleotides
166~667; GenBank accession no. NM_001143832).
Human Ist strand eDNA Mix was used for Rf-
PCR (Genostatf, Tokye, Japan).

RESULTS

dentification of the KAT6A-LEUTX Fusion
Transcript

G-banding of the leukemic cells of the patient
revealed 46, XY, t8:19)(p11ig13) in all 20 cells ana-
lyzed, and it was confirmed by SKY (Fig 2A).
Because the patient was dingnosed as having AML-
M4 with hemophagoeytosis, and not a myeloproli-
ferative ncoplasm, a KAT3A rearrangement was
thought more Hkely than an #GFRY rearrangement.
FISH analysis using KA7Zvd-specific BAC clones

fysis, RP1I—

583CI (green, 3" side of KAT6A} and RPYI-4SHY (red, & side of KATSA). One fusion signal was

detected on chromosoma 8.
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showed KATGA splic signals on dex(8) and der(19)
(Fig, 2B). 'The ¢DNA bubble PCR method was
performed ro identify the KAT6A fusion partaer
Products of various sizes were obtained (Fig, 3A),
and one product contained a 25 bp KA7Z64
sequence fused to an 84 bp unknown sequence
(Fig. 3B). Initially, a BLAST search revealed that
the unknown sequence was identical to that of o
gene encoding a hypothetical protein identified
from a human placenta ¢DNA library (GenBank
accession no. CR746510): larer. that sequence was
shown w be part of the LEUTX {leucine nweney
homeobox)  gene  (GenBank  accession  no,
NR_(03931). RT-PCR confirmed the in-frame
fusion rranscripe of the exon 16 of £4764 and exon
2 of LEUTX (Fig. 3C). The NCBI database showed
that the LEUTX gene consists of three exons; how-
ever, the predicted amino acid sequence of LEUTY
exon 1 continues in frame inte exon 2 (Fig. 4.
Although we attempted to find upstream LEUTX
sequences. no upstream exon could be identificd
by bubble PCR. Another RT-PCR to derect the
fusion transcripis contained whole sequence from
exon 2 and 1o the stop codon of exen 3 were ampli-
fied (Fig. 31).

303
Detection of KATSA-LEUTX Genomic Junctions

To isolate the fusion point of chromosomes 8
and 19, bubble POR was performed on genomic
DNA previously digested with Heelll, and nested
PCR products were detecred ‘using the primers
MOZ-GNM252 and NVAMP2Z (Fig. 5A). Sequence
analysis of the subcloned PCR product revealed
the genomic junction of 5-KAT6A-LEUTX~3, and
the result was confirmed by PCR analysis using the
primers MOZ-GNM282 and MF19-GNMZA (Fig.
5B). Bubble PCR on genomic DNA revealed thar
the genomic breakpoints were within intron 16 of
KAT6A and 4314 bp upstream of the known st
exon of LEUTX (Fig: 5C3 The fusion products of
exon 1 of LEUTX and exon 16 of KAT64 were not
dercered by R1T-PCR.

Expression of the LEUTX Gene

To examine the expression of the LEUTX gene
at the RNA level, Northern blot analysis was per-
formed using the LEUTX ¢cDNA probe spanning
exons Z-3. LEOTX RNA could not be detected in
12 various human tissues (including brain, beart,
skeletal musele. colon. thymus, spleen, kidney,

A B :
(bp) KATBA exon 16 € P LEUTX exon 2
— ARG AGTEAG AT G AT B T LAt O ABO G CAAGG S GTTATC GT C6 S
1018 235 244 2% 4 262 2%
BT e
344 =

Figure 3. Identification of KATSA-LEUTX fusion transcript. A: Bubble
PCR products by nested PCR using MOZ-E6-1S and MVAMP! for
the lst PCR, and MOZ-El6-28 and NVAMP2 for the 2nd PCR
tlane 1), M, size marker. Bt Sequence analysis of KATGALEUTX fusion
granseript, € Detection of KATSALEUTX fusion transcripts by RE-PCR,
Primars used aret MOZ-E16-1S and MF19-1AS for 5-KAT6A-LEUTX -3
thanes 1 and 23 MFI9-1$ and MOZ-34 for reciprocal fusion transeripts

ERLY e

lanes 3 and 4}, and primers for Beactin {lanes 5 and 6). Lanes 1, 3
and 5, patient’s leukemic cells; Janes 2, 4, and 6, normal peripheral lym-
phocytes, i Detection of KATSALEUTX fusion transcripts with a
primer conmining the stop codon of LEUTX by RT-PCR. Primers used
are; MOZ-E16-1S and LEUTX-5A. Lane [, patient’s leukemic cells;
lane 2, water; M, size marker
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Ex.1

C’I‘E?CACM‘IGG‘I‘WE‘C&G&C‘;‘CJ&T&CCQICCGTGﬂéﬁﬁCTGCCTGTCRQGC&%‘GC&CCTGGR
A HE G F @ P H A § ¥V E P &8 £ 0 & G T W R

Ex.2
ATCTCAAGCARCTTTCTCAN

L K Q L 8 @

§ K ¢ & T & L R B

L L E K T

:SGGCC)K}’QLQGCGTTRTCG?CGGCC&CGCBC%G&TE‘TC
& P R R ¥ R R P R T R F L

P § L A

Tz:frccmcmmcamccmmmmmﬁc;cmmwﬁamcm@wme

Ex3

CTACAATGGGEARACTGCCTTCARAGCTACAACTTGATCTATCCGTAGTABAGATCTGGT
T M 6 K L A S K L ¢ L Db L SV V KII W F

Figure 4. Partial sequencing of LEUTX cDNA. The MCBI datbase {GenBank accession no.
NR_D03931) shows thar the LEUTX gene consists of three exons, and that the boxed ATG in
exon 2 is the translation initiation codon of LEUTX: however, the frame is open all of the way to
5 end of exon . Although we atrempted to find upstream LEUTX sequences, ne sequences

could be idantified by bubbie PCR.

(bp}

c
cums g & 9 ¢ goem o ag
i
4 i g H]
A1 GNMZS £ 3 x 2
i LIF19-GNMIA
? % (;* g a4 8
Ex 1
MOZ-GHMAS.2 =8 MOZ-GNMEA Kb

Figure 5. Cloning of the genomic junction of KAT6A and LEUTX. A
Bubble PCR for genomic DNA. P patient’s Jeukemic cells; N normal
peripheral lymphocyres. B Detection of the genomic fusion point of
KATGA-LEUTX by PCR. Pritners used are MOZZGNM25-2 and MFI9-
GNMZA (lanes 1-3), and MFI9-GNM2S and MOZ-GNM2ZA (lanes 4-

liver, small intestine, placenta, lung. and periph-
eral blood leukocytes). RT-PCR with the human
¢DONA mix with 12 tissues (including brain, heart
liver, lung, kidaey, stomach, small intestine, large
mtestine, muscle, spleen. placenta, and restis) also
could not detecr anv LEUTX gene transcript
Since the NCBL expressed sequence mg (EST)
database showed that LEUTX was expressed only
in placenta, RT-PCR was performed using human
placental toral RNA (Clontech, Pale Alto, CA) as
template, which finally revealed the normal
LEUTX wanseript. No expression of the LEUTY
rranseripe was found 1n any leukemic cell line,

{ienes, Chrompspimes & Coneer DOT 100 en

6). Lanes | and 4, patient’s leukemic cells; lanes 2 and 5, leukemic call
line PEER; lanes 3 and &, water: M. size marker. C: Physical map of the
breakpoint regions, Black boxes represent defined exons in each gene,
Horizomal arrows show the primers used, Restriction sites are indj-
cated by capital leuters: G, Bglll. B, BamHL,

such as Kasumi-3, ML-1, LAZ-22, TS 922, or
THP-6 (dara not shownl.

DISCUSSION

This study identified a novel KAT6A-LEUTX
fusion gene in a patient with therapv-relared AML
(FAB-M4) with ¢(8;19(p11;q13). This is the sixth,
but unique. KA76A fusion partner which does not
have a HA'T domain (Fig. 5} Several previous
stucies have reported AML-M4 or M3 cases with
UBIN(p11:q13) (Brizard et al,, 1988; Stark ct al,
19933, and a KATGA rearrangement was detected
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in an AML-M3 with d&19(p1iiqid) (Gervais
et al, 2008), suggesting thar this fusion is sceur-
rent. To date. five genes have been identified as
KAATEA fusion partners in translocations including
CRERBP, EP300, NCOAZ, NCOA3, and ASXLZ in

feukemia (GenBank accession no. ABOS428D
(Imamura et al, 2003 (Fig. 6). LEUTX and
ASX1.2 differ from the other fusion partner genes,
in terms of molecular characreristics. The remain-
ing four have a histone aceryltransferase (HAT)
domain, whereas LEUTX and ASXLZ do not
(Katoh and Karoh, 2004), 48XLZ may theoretically
interner with histone-modifying enzymes because
its homolog is ASX7. 7, modulates the activity of
LSD1, a histone demethvlase of HARKY and H3KY,
by cooperation with heterochromatin protein-1
(HPD (Wang et al., 2009 Lee et al. 20103 The
sequence of the LEUTX gene contained in the
KATOA-LEUTX chimeric transeript is shorter than
that of the other partner genes involved in A4764

b:szakpo‘mt
£4HCS M\fs? @ actdm

KAT6A
NID C?‘H CﬁES CH}? CSB
CREBBP
NiD:  CHIOREB C!-!2 GH3
EP300 e
HID
NCOAZ 7N .
HiD ’
NCOA3
ASXL?
LEUTX

Figure 6. Schematic representation of putative KATSA, LEUTX, and
other KATSA fuslon proteins, CAHC3, zine finger domain associated
with chromatin binding; MYST. MYST domainy Acidic, Acidic domain:
MID, nuclear hormone receptor intéraction domain CH -3, eysteine/
histidine-rich domains ~3; CREB, cyclic-AMP response element bind-
ing protein domain; CID, CBPinteracting domains: ASXH, ASX homol-
ogy domain; NR, nuclear receptor box: PHD, plant homeodomain; i,
homeodomain; Horizontal bars, Regions of HAT domain,

vranslocations, suggesting a different mechanism
of leukemogenesis.

LECTX is characterized by the presence of a
leueine residue ac the otherwise highly conserved
homeodomain position 20 (Holland er al., 2007).
Although LEUGTX is one of the homeobox genes,
the translated protein has never been secorded in
the NCBI dawbase. However, LEUTX is poten-
tially a protein-coding gene, based on previously
reporred findings. Firstly, LEUTX is highly con-
served and  necessary  for placental mammals
except rodents (Zhong and Holland, 20113 Sec-
ondly, the NCBI database now shows that LEUTX
is expressed only in placental rissue, Our data by
Northern blotting and RT-PCR also confirmed
this. A previous report showed that thousands of
genes are tanseribed ar 4 rate of only one copy
per cell, ver do perform functions (Kuznetsov
¢t al, 2002y These data swrongly suggest that
LE (ZZ’X is agsociated with the formation of the pla-
centa, Thirdly, LEUTX is considered to arise by
randem duoplication and extreme divergence from
CRX (Zhong and Holland, 2011), which is 2 mem-
her of the O gene family interacting with
CREBBP, EP300. and NCOAZ (Yanagi ev al,
20003, based on its localization close to the PRD-
class genes TPRXT, CRX, DPRX, and DUXA on
the distal end of the long arm of chromoesome 19,
These daea suggest thar LEUZTX may function e a
homeobox gene. Fourthly, a previous study of
NKXZ2.6 pene confirmed that the missense murg-
tion of FI151L at position 20 in the homeodomain
reduced its transeriptional acrivation (Heatheote
et al, 2005). This data suggests that leucine, bug
not phuny alanine, in LEUPX alrers and reserves
the transeriptional activity of the homeodomain
protein. Finally, a KATSA fusion partner per se
may play a role in lenkemogenesis, becanse a
mutant KAT6A protein, transcribed from the trun-
cated N-terminal part of KAT6A sequence within
KAT6A-NCOAZ, did not bind CREBBP in con-
rast to the full length KAT6A or KAT6A-NCOAZ
protein in vitro (Golling et al., 2006).

FRYHNCHHGYNGKIHYNY

REREXES FEEBEE AR

KATHR ARRATT

TAAGTTTTATOTTACGTATAGTTTACCATAGTTITTTTARRARTG

(RO R R R R SRR R R R R R
KADEA-~LEUTR AranTTTTRAGTTIIATGTTACOTAARAGTCACTCATUCTARATGCCACATT

LEUIX CORMIGGACCAGARTCA

IR R DR R RER IR RERRRE

SAACUARBATAARGICACTOATOUTAARTGULRORTT

F‘gure 7. DNA sequences across the junction points of KATSA and LEUTX. Topoisomerase I
recognition size-like sequences (S-RMYNNCNNGYNGKTNYRY-3) near the junction points are

aligned. R, purine: Y, pydimidine:. N, any bases K, G or T; and *, homology.

Genes. Chromosomes &

- 272 -

Ganeer DOL 1010027800



