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difference between normal lymphocyte differentiation and lym-
phoma cell phenotype polarization, our findings suggest that
miRNAs might be widely involved in this reciprocal regulatory
network between helper T-cell differentiation programs. The
STAT3-miR-135b-GATA3/STAT6 connection revealed in this
study might propose inhibitory mechanism(s) against Th2 in Th17
differentiation program, mirroring the opposite inhibitory impacts
of Th1 and Th2 programs on Th17 differentiation,?+26 for ensuring
mutual exclusion. :

In conclusion, our study demonstrates a novel oncogenic
pathway composed of NPM-ALK, STAT3, and miR-135b that
authorizes IL-17-producing immunophenotype of ALCL. Tumor
suppression with miR-135b blockade also demonstrates the thera-
peutic potential of miR-135b interference strategy targeting the
“Th17 mimic” axis. These findings might advance our understand-
ings of ALK-mediated oncogenesis and be useful for the develop-
ment of new therapeutic interventions.
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Dicer Plays Essential Roles for Retinal Development by
Regulation of Survival and Differentiation

Atsumi Iida,"* Toru Shinoe,> Yukibiro Baba," Hiroyuki Mano,> and Sumiko Watanabe*

Purpose. Much attention has been paid to the roles of mi-
croRNA in developmental and biological processes. Dicer plays
essential roles in cell survival and proliferation in various or-
gans. We examined the role of Dicer in retinal development
using retina-specific conditional knockout of Dicer in mice.

METHODS. Dkk3-Cre expressed the Cre gene in retinal progen-
itor cells from an early embryonic stage. The authors analyzed
Dkk-Cre/Dicer-flox (Dicer-CKO) mice for their survival, prolif-
eration, and differentiation. To analyze the role of Dicer in later
stages of retinal development, a Cre expression plasmid was
introduced into the neonatal retina by electroporation, and
retinal differentiation was examined.

Resurts. Dicer-CKO mice were born at the numbers we ex-
pected, based on Mendelian genetics, but their eyes never
opened. Massive death of retinal progenitor cells occurred
during embryogenesis, resulting in microphthalmia, and most
retinal cells had disappeared by postnatal day 14. In vitro
reaggregation culture of Dicer-CKO retinal cells showed that
cell death and the suppression of proliferation by Dicer inac-
tivation occurred in a cell-autonomous manner. Cell differen-
tiation markers were expressed in the Dicer-CKO retina; how-
ever, these cells localized abnormally, and the inner plexiform
layer was absent, suggesting that cell migration and morpho-
logic differentiation, especially process extension, were per-
turbed. Forced neonatal expression of Cre induced apoptosis
and affected the expression of differentiation markers.

Concrusions. Taken together, these results show that Dicer is
essential during early retinal development. (Invest Opbthalmol
Vis Sci. 2011;52:3008-3017) DOI:10.1167/iovs.10-6428

he vertebrate neural retina is organized into a laminar

structure comprising six types of neuron and glial cell,
including Miiller glia and microglia. During retinogenesis, these
various cell types are derived from a common population of
multipotent retinal progenitor cells in a relatively fixed chro-
nological sequence.’ Intrinsic cues and extrinsic signals play
critical roles in defining the types of cells generated from
common retinal progenitor cells,”> and various molecules are
involved in this process. The expression of these genes in
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retinal development is regulated at various levels; microRNA
(miRNA) is one such regulator.

MicroRNAs are small, noncoding RNAs that are encoded in
the genomes of all metazoans. They are essential in the prolif-
eration and differentiation of various tissues, including stem
cells.*~ ¢ The roles of miRNAs in retina have been reported,”®
and a recent study showed the presence of lightregulated retinal
miRNAs.® In addition to suppressing the function of certain
miRNAs, we can remove all miRNAs by deleting enzymes that are
essential in their biosynthesis. DGCR8 is required for the produc-
tion of all canonical miRNAs, and Dicer is an enzyme that cleaves
double-stranded RNA into miRNA.'° The removal of DGCR8 or
Dicer results in a defective cell cycle and silencing of the self-
renewal program of embryonic stem cells.’*'* Because the com-
plete loss of Dicer in mice results in early embryonic death,'?
mice with a conditional allele of the Dicer gene have been pro-
duced,'* enabling the study of the roles of miRNA in organogen-
esis. Subsequently, essential roles of Dicer in organogenesis have
been revealed by studying mice with various tissue-specific ex-
pression of Cre 141> '

In neurons, the deletion of Dicer by a-calmodulin kinase I
Cre results in an array of phenotypes, including microcephaly
and reduced dendritic branch elaboration, suggesting that the
loss of Dicer disrupts cellular and tissue morphogenesis in the
cortex and hippocampus.’® The first study examining the roles
of Dicer in the retina using Chx10-Cre transgenes, expected to
express Cre in retinal progenitor cells, showed that although
Chx10 was expressed in the embryonic retina, morphologic
defects were observed at postnatal day (P) 16 with the forma-
tion of photoreceptor rosettes, accompanied by abnormal elec-
troretinogram responses.'” However, the relatively mild phe-
notype of the mice is surmised to be caused by mosaic
expression of Cre in the Chx10-Cre transgenic retina’” because
subsequent work by George and Reh using aPax6-Cre-retina
specific. Dicer conditional knockout showed that Dicer is re-
quired in retinal development. 18 In this work, we evaluated the
effects of deleting Dicer using Dkk3-Cre mice, which ex-
pressed the Cre gene in retinal progenitor cells from an early
embryonic stage.'?

MATERIALS AND METHODS

Mice and Reagents

EGFP transgenic mice, which express the EGFP gene ubiquitously
through the CAG promoter, were kindly provided by Masaru Okabe
(Osaka University).”>*' Dicer™™ mice'%. were kindly provided by Mi-
chael McManus (University of California, San Francisco), and Dkk3-Cre
BAC transgenic mice were as previously described.’® Dicerfox/flox
(Dicer-fI/fl) or Dicer™™! were used as controls for experiments
shown in Figures 1 and 2. ICR mice were obtained from Japan SLC Co.
All animal experiments were approved by the Animal Care Committee
of the Institute of Medical Science, University of Tokyo, and were
conducted in accordance with the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research.
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E16.5

FIGURE 1. Dicer™**Dkk3™/ (Di-
cer-CKO) mice were bom but had mi-
crophthalmia. (A-C) Images of Dicer-
CKO (A) and littermate (B) mice at 2
weeks of age. Images of embryos of
Dicer-CKO and littermate at E16.5
(C). (D) Immunostaining of Cre ex-
pression of Dicer-CKO retina at E17.5
was performed using frozen sections.
(E-N) Structure of the eye of Dicer-
CKO and littermate at E16.5 (E, F),
E185 (G, H), P1 (1, ), P5 (X, L), and
P14 (M, N) stages. Head (E-J) or
whole eyes (K-N) were frozen sec-
tioned, and nuclei were visualized by
staining of DAPIL L, lens. Scale bar,
200 um unless indicated. L, lens;
NBL, neuroblastic layer. (O) Thick-
ness of retina of Dicer-CKO or fl/fl
control mice. Measurements were
made under a microscope, and the
thickness of retina at central region
was examined at indicated stages.
Average of three independent retinas
with SD is shown. P <0.01, Stu-
dent’s f-test.

E18.5

DNA Construction

pxCANCre containing CAG promoter followed by Cre genes was the
gift of Izumu Saito (University of Tokyo). CAG-Cre-IRES-EGFP was
constructed by the ligation of fragments of CAG-Cre (Sall-Bg/II), IRES-
EGFP (BgllI-NotI), and the vector portion from pEGFP2 (Sall-Notl).

Immunostaining

Immunostaining of sectioned or dissociated retina was performed as
described previously.”? OCT compound (Tissue-Tek)-embedded sam-
ples were sectioned with 10-um thickness by a cryostat (CM30508S;
Leica, Wetzlar, Germany). Primary antibodies used were the following:
mouse monoclonal antibodies against BIII tubulin (Covance, Prince-
ton, NJ), photoreceptor-specific nuclear receptor ({PNR], ppmx), rho-
dopsin (Rho4D2, kindly donated by Robert S. Molday, University of
British Columbia), glutamine synthetase (GS; Chemicon, Temecula,
CA), HuC/D (Molecular Probes, Eugene, OR), Ki67 (BD Biosciences,
Franklin Lakes, NJ), Cre (Millipore, Billerica, MA), rabbit polyclonal
antibody against GFP (Clontech, Palo Alto, CA), Pax6 (Covance), cal-
bindin (Millipore), active-caspase3 (Promega, Madison, WI), and goat
polyclonal antibody anti-Brn3b (Santa Cruz Biotechnology, Santa Cruz,
CA). All antibodies against retinal subtypes have been used by us and
confirmed to recognize mouse retina.?> > The first antibodies were
visualized by using appropriate Alexa 488 or Alexa 546-conjugated
secondary antibodies (Molecular Probes). Samples were mounted in
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reagent (VectaShield; Vector Laboratories, Burlingame, CA) and ana-
lyzed under a microscope (Axioplan; Zeiss, Oberkochen, Germany).

Retinal Cultures and Electroporation

Reaggregation cultures were set up as described earlier.” Briefly,
retinal cells of Dicer-CKO:GFP or GFP mice at embryonic day (E) 16
were dissociated and mixed with far larger numbers of host retinal
cells isolated from normal ICR mice at E16. The ratio of donor to host
cells was 5:95. Electroporation was performed using an electroporator
(CUY21; Nepa Gene, Chiba, Japan) and electrode (CYU520P5; Nepa
Gene), as described.?® Briefly, retinas were transferred to a micro-
electroporation chamber filled with plasmid solution (1 mg/mL in
Hanks’ balanced salt solution), and four square pulses (25 V) of 50-us
duration with 950-us intervals were applied using a pulse generator
(CUY21; Nepa Gene).

RESULTS

Inactivation of Dicer in Retinal Progenitor Cells
Results in Severe Retinal Malformation

To inactivate Dicer in retinal progenitor cells, we used Dkk3-
Cre mice, which express Cre recombinase beginning on at
least E10.5 in a retina-specific manner.’® The expected num-
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FIGURE 2. Detailed examination of retinal development by immunostaining of retinas of Dicer-CKO mice revealed perturbation of retinal
development. (A-D) Retinas from Dicer-CKO or littermate control mice at E16 (A-C) or indicated stages (D) were frozen sectioned. Immuno-
staining using indicated antibodies was performed, and nuclei were visualized by staining of DAPI. (D) Lower panels are enlarged images of the

white squared regions in the upper panels. L, lens. Scale bars: 100 um (A, D); 200 um (B, ©).

bers of Dicer?*1°%/Dkk3*/~ (Dicer-CKO) mice, based on
Mendelian genetics, were born, but they died approximately 4
to 6 weeks after birth for unknown reasons. Their eyes never
opened (Fig. 1A), and they had small earlobes (Fig. 1A, red
arrows), probably because of undetectable expression of Dkk3
in this region. The Dicer-CKO embryos were indistinguishable
from their littermates in their appearance, except for their
small eyes (Fig. 1C). During development, we examined eye
structure in more detail using frozen sections. We first con-
firmed that Cre was expressed in nearly the whole area of the
retina at E17.5 (Fig. 1D), as expected from the expression
pattern of Dkk3-Cre original mice.'® At E16.5, the retinas of the
Dicer-CKO mice were already smaller than those of control
mice (Figs. 1E, 1F). At this stage, the ganglion cell layer (GCL)
was visible in control (Fig. 1E, arrows) but not in the Dicer-

CKO (Fig. 1E) mice. At E18.5, the difference between retinal
sphere diameters in the Dicer-CKO and littermates became
clearer (Figs. 1G, 1H). At P1, the GCL and the inner plexiform
layer (PL) were clearly formed in the control retinas (Fig. 1])
but had not formed in the Dicer-CKO retinas. Retinal diame-

‘ters were even smaller than those at E16.5 in Dicer-CKO

mice, and the cells were not tightly linked (Fig. 1I). At PS5,
the retina was very thin, and no layered structure was
observed in the Dicer-CKO mice (Fig. 1K’). At P14, the
retina had no visible structure in Dicer-CKO mice, and there
only a few cell aggregates remained in the central region in
Dicer-CKO retinas (Fig. 1M).

‘We measured retinal thickness. Retinas of Dicer-CKO were
thinner than those of control mice at E17 and constantly

became thinner as development proceeded (Fig. 10).
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Differentiation Markers of Retinal Subtypes Were’
Once Expressed, Then Disappeared, as Retinal
Development Proceeded

To examine the differentiation of retinal subtypes in the Dicer-
CKO retina, we immunostained various markers of retinal sub-
types using frozen sections. At first, control staining to exam-
ine nonspecific signal was performed using frozen, sectioned
retinas at E17 and P6. Control immunoglobulin was used as the
first antibody, and appropriate second antibodies conjugated
with either Alexa 488 or Alexa 594 were stained. With E17
samples, mouse IgG showed nonspecific staining in regions
around the GCL and inner nuclear layer (INL), which was thought
to be the blood vessel, and rat primary antibody gave no significant
nonspecific staining (Supplementary Fig. S1, http://www.iovs.org/
lookup/suppl/doi: 10.1167/i0vs.10-6428/-/DCSupplemental). At PG,
signals around GCL in mouse IgG antibodies, but not in the rat IgG
antibody, were observed (Supplementary Fig. S1, http://fwww.
iovs.org/lookup/suppl/doi:10.1167/iovs.106428/-/DCSupplemen-
tal). At E16, although the control retina had no layer structure
except for the GCL, the inner half of the cells had became
postmitotic whereas the outer half was still composed of un-
differentiated progenitor cells, as shown by the restricted ex-
pression of the early neural marker SllI-tubulin in the inner half
(Fig. 2A). In Dicer-CKO mice, although the BIlI-tubulin signal
was observed in the inner side of the Dicer-CKO retina, there
were also signals in the outer half of the retina; consequently,
there was no clear boundary between BIlI-tubulin-positive and
-negative fields, as seen in the controls (Fig. 2A). Then we
examined the expression of differentiation markers. GS, a
‘marker of Miiller glia cells, was expressed in the inner half of
the retina in controls (Fig. 2A). Again, like the BIlI-tubulin

A
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FIGURE 3. Enhanced expression of
Brn3 in developing retinas of Dicer-

CKO mice. (A) Retinas from Dicer-
CKO or littermate control mice at
indicated stages were frozen sec-
tioned. Immunostaining using anti-
Brn3 antibody was performed, and
nuclei were visualized by DAPI stain- *

Dicer-CKO
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staining pattern, GS expression was scattered throughout the
Dicer-CKO retina, and no boundary between GS-positive and
-negative regions was observed. HuC/D, a marker for amacrine
and ganglion cells, and Brn3b, which is expressed in ganglion
cells, were expressed in the innermost part of the control
retina, forming a layer-like structure (Fig. 2B). In the Dicer-CKO
retina, HuC/D was weakly expressed with relatively stronger
intensity in the inner half of the retina (Fig. 2B). The Brn3b
pattern was also expressed in the inner side, and strong signals
were also observed in the outer region (Fig. 2C). Although
Brn3-positive cells were seen in the innermost side of the
retina, the IPL was not observed, suggesting that process ex-
tension is inhibited by the depletion of Dicer. These results
indicate that, in Dicer-CKO mice, early differentiation of retinal
progenitor cells was under way. We next examined the time
course of the expression of several markers. Expression of
calbindin, an amacrine and horizontal cell marker, was clearly
observed as making lines in the outer region and GCL at E19 in
controls (Fig. 2D, blue arrows). In the Dicer-CKO retina, ex-
pression of calbindin was observed, but positive cells did not
make lines and were scattered in the whole area of the retina
(Fig. 2D). At P1, controls showed an expression pattern similar
to that at E19, but in Dicer-CKO retina, the expression of
calbindin was diminished (Fig. 2D).

Brn3 was expressed in GCL at all examined stages in control
retinas. At E17 and E18, Brn3 signals were observed at the
innermost side of the retina, and it was also scattered at all
areas of the retina. At later stages, the number of positive cells
decreased, but signals were observed in all areas of the retina
(Fig. 3A). We counted the Brn3-positive cells semiquantita-
tively, and the cell numbers of Brn3 were slightly fewer in
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control than in Dicer-CKO (Fig. 3B) mice. Because the Dicer-
CKO retina was thinner than the control retina (data not
shown), the percentage of Brn3-positive cells in total retinal
cells was much larger in Dicer-CKO than in control. At the P1
stage, Pax6 and PKC were weakly expressed in the whole
retinal area (Fig. 4A). GS was not expressed in either control
or Dicer-CKO retina, and some PNR-positive cells were ob-

A P

GS

Pax6 PKC

Dicer-fl/fl

Calbmdm Pax6

Dicer-fi/fl
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served in the Dicer-CKO retina although no signal was ob-
served in the control retina (Figs. 4A, 4B). At P5, Hu, cal-
bindin, and Pax6 signals were making lines near IPL in the
control retina (Fig. 4B). However, in Dicer-CKO, no layer
structure was observed even at this stage, but Hu, calbindin,
Pax6, and Brn3B expression was observed in the whole
retinal area (Fig. 4B).

PNR

FIGURE 4. Disturbed expression of
retinal marker proteins of Dicer-CKO
mice after birth. (A, B) Retinas from
dicer-CKO or littermate control mice
at P1 (A) or P5 (B) were frozen sec-
tioned. Immunostaining using indi-
cated antibodies was performed, and
nuclei were visualized by staining of
DAPIL. (A) Lower panels are enlarged
images of the white squared regions
in the upper panels. (B) DAPL-stained
images. Scale bars are as indicated.
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Next, we analyzed cell proliferation by examining anti-
phospho-Histone H3, which is a marker of cells at the M phase
of the cell cycle. As expected, signals were observed in the
most apical edge in both control and Dicer-CKO retinas at E17
(Figs. 5A, 5B). In control samples at E18 and E19, patterns of
staining were similar to those at E17 (Fig. 5A). In Dicer-CKO
retina, positive signals were observed at the apical-most side,
but in some regions, signals were also observed throughout the
retinal region (Fig. 5B), suggesting that the layer structure was
perturbed in the Dicer-CKO retina. In the P1 control retina,
signals had disappeared from some portions of the central
region but remained at the periphery (Fig. 5A, P1, inset). In
the Dicer-CKO retina, strong signals were still observed in
the central region. At P5, signals had completely disap-
peared from the central region (Fig. 5A, P5, upper panel)
but remained in the peripheral region (Fig. 5A, P5, lower
panel). In contrast, signals were still observed in both cen-
tral and peripheral regions in the Dicer-CKO retina (Fig. 5B,
P5). Semiquantitative counting of positive cells showed that
until P19, the total number of phospho-Histone H3-positive
cells was comparable between control and Dicer-CKO reti-
nas (Fig. 5E). At P5, although no signal was observed in the
central region of the control retina (Fig. 5A), the total
number of phospho-Histone H3 in the control retina was
larger than in the Dicer-CKO retina (Fig. 5E), probably
because of the small size of the Dicer-CKO retina; this is
supported by the finding that the population (%) of phos-
pho-Histone H3-positive cells was bigger in Dicer-CKO than
in controls in all examined stages (Fig. 5F). Then we exam-
ined cell apoptosis using anti-active caspase3 antibody,
which was rarely expressed in any of the examined devel-
opmental stages in controls (Fig. 5C, E17~P5) but was
strongly expressed in Dicer-CKO retinas at all stages
(Fig. 5D, E17~P5), suggesting that abnormal apoptosis was
induced in the Dicer-CKO retinas.

Apoptosis Induced by the Deletion of Dicer Is an
Autonomous Cell Phenomenon '

We examined whether the apoptosis observed in the Dicer-
CKO retina was cell autonomous using reaggregation cultures,
which are a good model for evaluating the intrinsic character-
istics of proliferation and differentiation of donor cells in a
defined environment.?>?” To prepare reaggregation cultures,
dissociated retinal cells from Dicer™*/#°*.GFP */¢*¥:Dkk3 "/
(Dicer-CKO/GFP) or GFP mice at E16.5 were mixed with an
excess number of dissociated host retinal cells from wild-
type mice at E16.5. After 5 or 8 days of culture, samples
were harvested, frozen-sectioned, and immunostained with
anti-GFP antibody. We found that although we used the
same number of GFP-positive control or Dicer-CKO/GFP-
derived cells in the aggregate cultures, the Dicer-CKO/GFP
cells, but not the control GFP cells, decreased quickly dur-
ing culture. After 8 days of culture, there were fewer than 50
Dicer-CKO cells but a large number of GFP-positive control
cells (Fig. 6A). To quantity the results after culturing, we
dissociated reaggregations, immunostained the dissociated
cells, and counted immunopositive cells semiquantitatively.
It was revealed that approximately 25% of Dicer-CKO/GFP
cells were active caspase3-positive after 5 and 8 days of
culture, whereas fewer than 2% (5 days) or 0% (8 days) of
control GFP-positive or -negative cells were positive
(Fig. 6B). We also examined the expression of rhodopsin
and Pax6; no significant difference in expressing cell popu-
lations was observed (Figs. 6C, 6D).

Dicer Is Essential for Retinal Development 3013

Forced Expression of Cre around Birth Induced
Apoptosis and Affected the Expression of
Differentiation Markers

To examine the effect of deleting Dicer at a later stage of retinal
development, the Cre gene was introduced into retinas isolated
from Dicer-fl/fl or control mice at P1 using in vitro electropo-
ration. First, we examined the expression of Cre protein by
immunostaining frozen sections after 12 days of culture. Strong
anti-Cre signals were observed, and most of the signals over-
lapped GFP signals (Fig. 7A). Apoptosis was also induced by
Cre expression in the Dicerfl/fl retina, but only a very small
number of apoptotic cells appeared in the control retina
(Fig. 7B). However, we cannot rule out the possibility that the
electroporation procedure has a stronger apoptotic effect on
Dicer-CKO retinas than on controls. Then we examined the
expression of PNR and GS by immunostaining because rod
photoreceptors and Miiller glia differentiate at a relatively later
stage of retinal development. Nearly 90% of the GFP-positive
cells were PNR-positive in both control and Dicer-fl/fl retinas
(Figs. 7C-E). There were slightly fewer GS-positive cells in
control than in Dicerfl/fl retinas (Figs. 7F, 7D. These results
suggest that the differentiation of retinal cells into rod photo-
receptors and Miiller glia may not be perturbed by the deletion
of Dicer. However, when we examined PKC (bipolar) and
Isletl (ganglion and amacrine) markers, we were not able to
observe any PKC/EGFP double-positive cells in the Dicer-fl/fl
retina (Fig. 7G, 7). In addition, the number of isletl/EGFP-
positive cells in the Dicer/fl/fl retina was significantly lower
than in the control retina (Fig. 7H, 7K).

DISCUSSION

We found that the deletion of Dicer in retinal progenitor cells
during early development resulted in severe malformation of
the retina; before P14, the Dicer-deleted retina had totally
degenerated. In the Dicer-CKO retina, caspase was activated at
all the examined developmental stages, suggesting that apopto-
sis was induced by the expression of Cre. Our finding is
consistent with a previous study of aPaxG-enhancer-depen-
dent Dicer-CKO retinas,'® reporting increased apoptosis by the
deletion of Dicer in retinal progenitor cells. In addition, when
we expressed Cre at a later stage (P1), the active caspase signal
was observed to be at a significantly higher level than control,
suggesting that Dicer is also essential for the survival of retinal
cells after birth. This notion is supported by the finding that
although some cells expressed differentiation markers and
then survived after birth, all the cells ultimately disappeared,
and the retina had completely degenerated before P14.

In contrast, retinal differentiation was less affected by the
deletion of Dicer. Although localization was perturbed, retinal
subtype marker-positive cells were present in the Dicer-CKO
retina. In addition, in terms of marker expression, the forced
expression of Cre in the later phase of development by elec-
troporation supported the concept of the nonessential role of
Dicer in differentiation. However, the detailed examination of
marker expression patterns revealed that the effects of deletion

-of Dicer for each marker are different. The most striking is the

upregulation of Brn3. Georgi and Reh'® also observed a similar
phenomenon: the enhanced expression. of Brn3 in aPax6-Cre/
Dicerfl/fl mice. They report observing both the upregulation
of early neuronal types (such as horizontal cells) and the
downregulation of late progenitor cell markers.'® We exam-
ined horizontal cell differentiation by the expression of calbin-
din, which appeared to be expressed around E19 in the control
retina. We did not observe either ectopic expression before
E19 or enhanced expression of calbindin in Dicer-CKO retina.
In our mice, there was a possibility that the delayed onset of
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induction of Cre expression in some retinal progenitor cells
might have resulted in their survival, allowing them to differ-
entiate. In the experiments involving Cre expression at the P1
stage, we found a lack of expression of PKC, which is a marker
for bipolar cells, and a lower level of Isletl, which is a marker
of ganglion and amacrine cells. Taking all our results together,
the effects of the deletion of Dicer in retinal progenitor cells
might not have been simply a shift of competency of retinal
progenitor cells to retinal cells born early. The explanation may
be more complex and may depend on the stage of retinal cells.
However, given that the lamination of retinal cells had not
been observed in any of the differentiation markers, we cannot
use information about the subretinal localization of cells to
. determine whether the expression marker represented fully
differentiated retinal cells.

In fact, we observed that the Dicer-CKO retina failed to
form laminated retinal structures, and it is difficult to identify
which marker-positive cells are equivalent to those in control
retinas. Georgi and Reh*® reported that the formation of GCL
and INL was absent. However, Sox2 and Pax6— both retinal
progenitor markers—showed relatively normal lamination in
the embryonic retina of Dicer-CKO. We observed—at least
from E16 —no segregation of postmitotic cells or proliferating
cells in the Dicer-CKO retina. Among all examinations of im-
munostaining, only normal positioning of cells was observed in
those cells at the M phase that were marked by anti-phospho-
Histone H3 antibody. In addition, we observed no layer struc-
ture in Dicer mice. In Dicer-CKO mice, the IPL was not clearly
observed, suggesting that miRNA regulates the formation pro-
cess of retinal cells. This suggests that Dicer is less critical for
determining the fate of the retina but is critical for the migra-

tion and maturation of retinal cells. Taken together, these
results show that Dicer is essential to retinal progenitor cell
proliferation and survival in the retina during its early develop-
ment, as in other organs. In addition, even after differentiation,
Dicer is essential to cell survival and the final differentiation of
retinal cells.

The initial report of retina-specific inactivation of Dicer by
Chx10-Cre showed that morphologic defects at P16 pro-
gressed to more general cellular disorganization and wide-
spread degeneration of retinal cell types as the animals aged."”
In this study, the authors stated that the crucial role of Dicer is
long-term regulation or retinal cell lamination, survival, and
function, with no visible impact on early postnatal retinal
structure or function In our,Dicer-CKO mice, at P16, we could
not detect any retinalike structure;.although some cells re-
mained around ‘the lens, these cells were active caspase3-
positive. In contrast, Georgi and Rehi'® and we observed mas-

. sive cell death atan early stage of retinal development. Because

the same Dicer-flox mice’ Wére used in the studies, this might
have been diie to differences in the Cre mice. Damiani et al.?®
used Chx10-Cre mice, made by using a Chx10-BAC construct.
Chx10-BAC reporter analysis showed that the Chx10 enhancer
drives dowistream genes beginning from at least E11.5. How-
ever, mosaic expression of target genes in the retina was
observed.?® Mosaic expression of Cre was also observed in
Chx10-Cre/Dicer-flox mice.'” Based on the lack of a severe
phenotype, it was surmised that either miRNAs in the retina are
extremely stable or that an additional protein can compensate
for Dicer function during early postnatal life.'” Georgi and
Reh*® discussed the possibility of non--cell-autonomous rescue
of the phenotype of the Chx10-Cre/Dicer-deficient retina and
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the difference of onset of Cre in these mice. However, our
observation of reaggregation culture suggested that the effects
of deletion of Dicer are cell autonomous. The electroporation
of Cre-expressing plasmid suggested that the severe effects of
Cre deletion may be unrelated to the timing of expression, at
least until the neonatal stage. Therefore, we postulated that
mosaic expression of Cre is a less likely explanation of the
phenotype. Furthermore, it seems unlikely that stable miRNA
and other Dicer-like proteins are present in Chx10-Cre/Dicer-
deficient retina. One possible reason is that the numbers of
retinal progenitor cells expressing Cre may be too small in
Chx10-Cre/Dicer-flox mice during early developmental stages
and that the elimination of these cells was negligible in com-
parison with healthy cells or did not affect the gross morphol-
ogy of the retina during development. Consequently, Chx10-
Cre may turn on after birth in bipolar cells and cause the later
phenotype.

The ubiquitous expression of Cre in retinal progenitor cells
afforded by use of the Dkk3-promoter has enabled clarification
of the essential role played by Dicer in retinal development.
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Abstract The percentage of myeloperoxidase (MPO)-
positive blast cells is a simple and highly significant
prognostic factor in AML patients. It has been reported that
the high MPO group (MPO-H), in which >50% of blasts
are MPO activity positive, is associated with favorable
karyotypes, while the low MPO group (<50% of blasts are
MPO activity positive, MPO-L) is associated with adverse
karyotypes. The MPO-H group shows better survival even
when restricted to patients belonging to the intermediate
chromosomal risk group or those with a normal karyotype.
It has recently been shown that genotypes defined by the
mutational status of NPM1, FLT3, and CEBPA are asso-
ciated with treatment outcome in patients with cytogenet-
ically normal AML. In this study, we aimed to evaluate the
relationship between MPO positivity and gene mutations
found in normal karyotypes. Sixty AML patients with
normal karyotypes were included in this study. Blast cell
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MPO positivity was assessed in bone marrow smears
stained for MPO. Associated genetic lesions (the NPM]1,
FLT3-1TD, and CEBPA mutations) were studied using
nucleotide sequencing. Thirty-two patients were in the
MPO-L group, and 28 patients in the MPO-H group. FLT3-
ITD was found in 11 patients (18.3%), NPMI mutations
were found in 19 patients (31.7%), and CEBPA mutations
were found in 11 patients (18.3%). In patients with CEBPA
mutations, the carrying two simultaneous mutations
(CEBPA™"™*™ was associated with high MPO expres-
sion, while the mutant NPM without FLT3-ITD genotype was
notassociated with MPO activity. Both higher MPO expression
and the CEBPA®™™*™" genotype appeared to be associated
with improved overall survival after intensive chemotherapy.
Further studies are required to determine the importance of
blast MPO activity as a prognostic factor, especially in CEBPA
wild-type patients with a normal karyotype.
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1 Introduction

The AMLS7, -89, and -92 studies conducted by Japan
Adult Leukemia Study Group (JALSG) revealed that
patient age, ECOG performance status, leukocyte count,
FAB subclass, the number of induction courses required to
achieve complete remission (CR), the presence of good
prognostic chromosomal abnormalities [t(8;21) or inv(16)],
and percentage of myeloperoxidase (MPO)-stained positive
blast cells at diagnosis were significant risk factors for
overall survival (OS) of patients with acute myeloid leu-
kemia (AML) [1]. In more recent AML201 study, it was
shown that significant unfavorable prognostic features for
OS were adverse cytogenetic risk group [2], age of more
than 50 years, WBC more than 20 x 10°/L, FAB classifi-
cation of either MO, M6, or M7, and MPO-positive blasts
less than 50% [3]. These observations imply that the per-
centage of MPO-positive blast cells is one of the important
prognostic markers along with cytogenetics and molecular
genetic information.

MPO, a microbicidal protein, is considered to be a
golden marker for the diagnosis of AML in the French-
American-British (FAB) and WHO classifications {4, 5].
In our previous reports [6-8], AML patients with a high
percentage of MPO-positive blasts (>50% of blasts are
MPO activity positive, MPO-H) had a significantly better
complete remission (CR) rate, disease-free survival, and
overall survival compared with the low MPO activity
positive blast group (<50% of blasts are MPO activity
positive, MPO-L). Most patients with a favorable chro-
mosomal risk profile were in the MPO-H group, and most
of the patients with an adverse chromosomal risk profile
were in the MPO-L group. The difference in OS between
the low and high MPO groups was still observed in a
cohort of patients with normal karyotypes, suggesting that
MPO is highly expressed in the leukemic blasts of AML
patients with a favorable prognosis. To fully understand
this phenomenon, it would be important to analyze genetic
factors associated with MPO expression, especially in
patients with a normal karyotype.

In the WHO classification, mutations of FLT3, NPM1
and CEBPA have been emphasized to have prognostic
significance in AML patients with normal karyotype. The
nucleophosmin 1 gene (NPMI) has been shown to be
mutated in 45-64% of AML cases with a normal karyotype
[9, 10], and NPM1 mutations are associated with a favor-
able prognosis in the absence of the internal tandem
duplication (ITD) type of fms-related tyrosine kinase-3
gene (FLT3) mutation, a known adverse prognostic factor
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[11]. The CCAAT/enhancer binding protein-alpha gene
(CEBPA) is another gene that has been shown to be
mutated in AML patients with a normal karyotype [12, 13].
Mutations in the CEBPA gene are found in 5-14% of all
AML cases and are associated with a relatively favorable
outcome, and hence, have gained interest as a prognostic
marker [14]. Recently, it has been shown that most AML
patients with CEBPA mutations carry 2 simultaneous
mutations (CEBPA%"™™*™" ' whereas single mutations
(CEBPA®™'* ™Y are less common. In addition it was
found. that the CEBPA"*™ genotype is associated with
a favorable overall and event-free survival [15, 16]. It is
still unclear why CEBPA%" ™' AML patients have
better outcomes than those with a single heterozygous
mutation.

In this study, we retrospectively examined 60 de novo
adult AML patients with normal karyotypes in order to
obtain a better insight into the relationships between MPO
positivity and other prognostic factors (NPMI, FLT3, and
CEBPA mutations). In line with previous reports, both high
MPO positivity in AML blasts and the CEBPA%>e™
genotype appeared to be associated with a favorable out-
come, and it appeared that it was the CEBPA%Ple™
genotype that associated with high blast MPO activity.

2 Materials and methods
2.1 Patients and treatments

The study population included 60 patients with newly
diagnosed de novo AML that had been treated at the
Department of Internal Medicine, Nagasaki National
Medical Center, between 1990 and 2010. All patients had
normal karyotype AML. AML was diagnosed according to
the FAB classification. Two members independently
assessed the percentage of MPO-positive blast cells in
MPO-stained bone marrow smears. The main biological
and clinical features of the patients are shown in Table 1.
Excluding the 25 patients who did not receive conventional
induction chemotherapy, all patients were treated accord-
ing to the Japan Adult Leukemia Study Group (JALSG)
protocols (AML89, -92, -95, -97, and -201 studies) [3, 17—
19]. CR was determined as when blasts accounted for less
than 5% of the cells in normocellular bone marrow with
normal peripheral neutrophil and platelet counts. This
study was approved by the Ethical Committees of the
participating hospitals.

2.2 Analysis of the FLT3, NPM1, and CEBPA genes

High molecular weight genomic DNA was extracted from
bone marrow and peripheral blood samples after Ficoll
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Table 1 Characteristics of de novo AML patients with a normal

karyotype

All patients

Patients

(n = 60) who received
intensive
chemotherapy
(n = 36)

Median age (range) (year) 59.5 (15-81) 49 (15-67)
Male/female 32/28 18/18
FAB type

MO 5 3

M1 10 5

M2 21 14

M4 18 11

M5 3 1

M6 3 2

M7 0 0

WBC (x 10%/L), median (range)
Performance status

14.9 (0.7-556)

13.0 (0.7-246)

0-2 55 34
3-4 5 2
LDH (IU/L), median (range) 296 291
(120-5,325) (140-2,606)
MPO
Low (<50%) 32 20
High (>50%) 28 16

FAB French—American~British, WBC white blood cells, LDH lactate
dehydrogenase, MPO myeloperoxidase

separation of mononucleated cells (35 and 4 patients,
respectively) using the QlAamp DNA Mini Kit (Qiagen,
Hilden, Germany). In addition, we isolated genomic DNA
from the BM smears of the AML patients (21 samples) using
the QIAamp DNA blood Mini Kit (Qiagen, Hilden,
Germany).

Mutations in the FLT3, NPM1, and CEBPA genes were
detected by genomic DNA PCR and direct sequencing.
Exons 14 and 15 and the intervening intron of the FLT3 gene
were amplified from DNA using the previously described
primers FL.T3-11F and FLT3-12R [20]. PCR for NPM1 exon
12 was performed with genomic DNA, the same reagent, and
the published primer molecules NPM1-F and NPM1-R [21].
PCR for CEBPA was performed using 2 overlapping primer
pairs: CEBPA-CT3F (5-TGCCGGGTATAAAA-GCT
GGG-3') and CT3R (5-CTCGTTGCTGTTCTTGTCCA
-3"), CEBPA-PP2F (5'-TGCCGGGT-ATAAAAGCTGG
G-3') and PP2R (5'-CACGGTCTGGGCAAGCCTCG
AGAT-3"). The PCR reactions were run in a final volume of
50 pL containing 10 ng DNA, 5x buffer, 0.2 mmol/L of
each deoxynucleotide triphosphate, primers (0.3 pmol/L of
each), nucleotides (0.2 mmol/L of each), and 1 U of KOD-
Plus-Neo polymerase (TOYOBO, Osaka, Japan). The

mixture was initially heated at 94°C for 2 min, before being
subjected to 35 cycles of denaturation at 94°C for 10 s and
annealing and extension at 68°C for 1 min. The amplified
products were cut out from a 1.2% agarose gel and purified
with the MinElute Gel extraction kit (QIAGEN, Germany).
To screen for mutations, the PCR products were sequenced
in both directions with the following primers: FLT3-11F,
FLT3-12R, NPM1-F, NPM-R, CEBPA-CT1F, CEBPA-1R,
CEBPA-PP2F, CEBPA-PP2R, CEBPA-2F (5-GCTG
GGCGGCATCTGCG-A-3"), and CEBPA-1R (5'-TGT-GC
TGGAACAGGTCGGCCA-3') using a BigDye Terminator
v3.1 Cycle Sequencing Kit and the ABI Prism 3100 x1
Genetic Analyzer (Applied Biosystems, CA, USA). In the
case of NPMI and CEBPA genes, when heterozygous data
were identified by sequence screening, mutations were
confirmed by cloning with the StrataClone Blunt PCR
Cloning Kit (Stratagene, CA, USA) according to the manu-
facturer’s recommendations. Four to ten recombinant colo-
nies were chosen and cultured in LB medium. Plasmid DNA
was prepared using a QIAprep spin plasmid miniprep kit
(Qiagen, Hilden, Germany), and both strands were
sequenced using the T3 and T7 primers and the CEBPA-2F
and CEBPA-1R primers.

2.3 Statistical methods

To evaluate the relationship between the frequency of
mutations status and clinical characteristics, the following
variables were included in the analysis: age, FAB classifi-
cation, peripheral WBC count, MPO-positivity rate, JALSG
score [1], and CR achievement. A comparison of frequencies
was performed using Fisher’s exact test. Differences in
percentage of MPO-positive blasts among patients with
different mutational status of genes were compared using the
non-parametric Kruskal-Walilis test and followed by Dunn’s
multiple comparison post-test. Overall survival (OS) was
calculated using the Kaplan—Meier method [22], and the
group differences were compared using the log-rank test.
Thirteen patients who underwent allogeneic or autologous
hematopoietic stem cell transplantation were not censored at
the time of transplantation. For all analyses, statistical
significance was considered at the level of two-tailed 0.05.

3 Results

3.1 Patients’ characteristics

As shown in Table 1, the series included 60 patients. Their
median age was 59.5 (15-81 years), and there were 32 males
(53.3%) and 28 females (46.7%). All patients had normal

cytogenetics. Using the percentage of MPO-positive leu-
kemic blasts, as judged from bone marrow slides, the cases
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a All patients

b Patients who received intensive chemotherapy

(2) NPMI
mutation

n=13

(3) CEBPA dovble-mt

n=8

(9) triple-negative (8) CEBPA sogemt

genotype O n=}
n=27

(3) CEBPA doubic-mut
n=7

e
(9) triple-negative (8) CEBPA sheiemt

genotype O n=1
n=17

Fig. 1 Frequency and overlapping patterns of AML patients with a
normal karyotype. Data are shown for all patients (a) and for patients
who received intensive chemotherapy (b). a (I) FLT3-ITD +
wt NPMI + wt CEBPA (n=4, 6.7%), (2) wt FLT3 + NPMI
mutation + wt CEBPA (n =13, 21.7%), (3) wt FLT3 4 wt
NPMI + CEBPA%™™* (n =8, 133%), (4) FLT3-ITD + wt
NPMI + CEBPA%™™ (5 =1, 1.7%), (5) FLT3-ITD + NPMI
mutation + wt CEBPA (n =5, 8.3%), (6) wt FLT3 + NPMI muta-
tion + CEBPA%™™™* (n — 0, 0%), (7) FLT3-ITD + NPMI muta-
tion + CEBPA%™=™ (n =1, 17%), (8 wt FLT3 + wt

were divided into the High group (MPO-positive
blasts > 50%) and Low group (MPO-positive blasts
< 50%). Thirty-two patients were classified into the Low
group, and 28 patients were classified into the High group.

3.2 Mutational analysis

FLT3-ITD was found in 11 patients (18.3%), NPMI
mutations were found in 19 patients (31.7%), and CEBPA
mutations were found in 11 patients (18.3%). Frequency
and an overlapping pattern of mutations are shown in
Fig. 1. Among the patients with CEBPA mutations,
approximately 90% (10 of 11 patients) of the patients had
two CEBPA mutations (CEBPA"™*™"), whereas 10% (1
of 11 patients) had a single mutation. As previously
reported, the mutations in the CEBPA™“*™ patients
were clustered in the N- and C-terminal hotspots (Table 2;
Fig. 2). FLT3-ITD mutation was associated with a higher
WBC at the time of diagnosis, as reported previously.
Neither NPM1 nor CEBPA mutation status displayed a
significant association with age, PS, WBC, FAB subtype,
JALSG score, or CR achievement (Table 3).

3.3 Clinical outcome

OS was analyzed only in patients who received intensive
chemotherapy (n = 36). They received chemotherapy
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NPMI + CEBPAS™8™" (n = 1,1.7%), (9) triple-negative genotype
(n = 27, 45%). b (1) FLT3-ITD + wt NPMI + wt CEBPA (n = 2,
5.6%), (2) wt FLT3 + NPMI mutation + wt CEBPA (n = 7, 19.4%),
(3) wt FLT3 4+ wt NPMI + CEBPA%™™™™" (4 =7, 19.4%), (4)
FLT3-ITD + wt NPM1 + CEBPA%™e™ (; — 0, 0%), (5) FLT3-
ITD + NPMI mutation + wt CEBPA (n = 2, 5.6%), (6) wt FLT3 +
NPMI mutation + CEBPA%™™*™" (4 = 0, 0%), (7) FLT3-ITD +
NPMI mutation + CEBPAY™MS™ (5, — 0, 0%), (8) wt FLT3 + wt
NPMI + CEBPAS™8™" (3 — 0, 0%), (9) triple-negative genotype
(n = 17, 47.2%). wt wild-type

based on the treatment protocol described in the JALSG
AMLS9, -92, -95, -97, and -201 studies. As reported pre-
viously [6], we observed an association between the per-
centage of MPO-positive blasts and the survival rate in the
normal karyotype patients treated with intensive chemo-
therapy, although the significance in this cohort was rather
low (P = 0.10) (Fig. 3). Figure 4 shows Kaplan-Meier
curves according to genotype. ‘Other genotypes’ included
the FLT3-ITD genotype, the CEBPAS™*™ genotype, and
the triple-negative genotype consisting of the wild-type
NPMI1 and CEBPA genotypes without FLT3-ITD. In
line with previous reports [14], the patients with the
CEBPA%™* ™ gepotype tended to show higher survival
rate compared with patients displaying other genotypes
(P = 0.07). In this study, the mutant NPMI without FLT3-
ITD genotype was not significantly associated with treat-
ment outcome, possibly due to the small number of
patients.

3.4 Difference of MPO-positivity rate by gene
mutation status

Figure 5 shows the level of the percentage of MPO-posi-
tive blasts by gene mutational status of the CEBPA, FLT3-
ITD, and NPMI. The MPO-positivity rate was very high,
over 50% (median 96, range 71-100), in all CEBPA%"ble™
cases, but it was 20% in one case displaying the
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Table 2 Genetic findings of the patients with CEBPA mutations

Patient  Category  Nucleotide changes Amino acid changes Comments
4 Double 218_219insC P23fsX107 Produces N-terminal stop codon
1129_1130insATGTGGAGACGCAGCAGAAGGTGCTGGAGCTG  K326_327insHVETQQKVLELTSDNDRLRKR In-frame insertion in bZIP
ACCAGTGACAATGACCGCCTGCGCAAGC
6 Double 200_218delinsCT S16fsX101 Produces N-terminal stop codon
1087_1089dup K313dup In-frame duplication in bZIP
7 Double 368_369insA AT72£sX107 Produces N-terminal stop codon
1080_1082del T310_Q311del In-frame deletion in bZIP
13 Double 303_316del P50fsX102 Produces N-terminal stop codon
1062_1063insTTG K304_Q305insV In-frame insertion in bZIP
19 Double 215_225del P21£sX103 Produces N-terminal stop codon
1101_1102insCAGCGCAACGTGGAGACGCAGCAGA L317_T318insQRNVETQQKVLEL In-frame insertion in bZIP
AGGTGCTGGAGCTG
22 Double 213del P22£sX159 Produces N-terminal stop codon
1064 _1129dup K304_Q305insQRNVETQQKVLELTSDNDRLRKR  In-frame insertion in bZIP
27 Double 324_328dup E59fsX161 Produces N-terminal stop codon
1062_1063insTTG K304_Q305insV In-frame insertion in bZIP
39 Double 213del P22£sX159 Produces N-terminal stop codon
1081_1086dup Q311_Q312dup In-frame duplication in bZIP
47 Double 397del F82fsX159 Produces N-terminal stop codon
1101_1102insCAGCGCAACGTGGAGACGCAGCA L317_T318insQRNVETQQKVLEL In-frame insertion in bZIP
GAAGGTGCTGGAGCTG
49 Double 297_304del A48£sX104 Produces N-terminal stop codon
758del A202fsX317 Frameshift between TAD2 and bZIP;
produces stop codon in bZIP
35 Single 1087_1089dup K313dup In-frame duplication in bZIP

Nucleotide numbering was performed according to NCBI Entrez accession no. XM_009180.3, in which the major translational start codon starts at nucleotide position 151. The locations of
functional domains are derived from Mueller and Pabst.1
bZIP basic leucine zipper region, TAD2 second transactivation domain
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Fig. 2 Location of mutations
detected in the CEBPA™ 8™
and CEBPA%" ™" patients.
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CEBPAS™8* ™ genotype (data not shown). The MPO-
positivity rate was widely distributed in patients who had
mutant NPM1 without FLT3-ITD genotype (median 26,
range 0-100) and other genotypes (median 31, range
0-100). Kruskal-Wallis test showed that a significant dif-
ference of the MPO-positivity rate among three groups
(P = 0.005). When comparing the individual groups by
Dunn’s Multiple Comparisons post hoc test for each group,
there was a significant difference only for patients with
CEBPA"™™e ™ yersus patients with other genotypes.

4 Discussion

While cytogenetic group is considered to be the primary
prognostic indicator in AML, the percentage of MPO-
positive blast cells could be used to predict the prognosis
of patients with normal karyotypes [6]. In this study, we
found that CEBPA gene mutational status has impact on the
frequency of MPO expression: the patients with the
CEBPA mutation genotype displayed a significantly higher
percentage of cells expressing MPO than those with other
genotypes (P < 0.01). The association was even more
significant when analyzed without the CEBPAS"&™!
carrying patient, suggesting that high blast MPO activity is
related to double CEBPA mutations. Although the mutant
NPM]1 without FLT3-ITD genotype has been reported to be
associated with a favorable prognosis in AML patients,
there was no relationship between this type of mutation and
the percentage of blasts showing MPO expression.

It is not clear how the CEBPA%"™ ™' genotype
enhances MPO activity in AML blasts. It has been shown
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that the MPO enhancer contains a CEBPA site contributing
to its functional activity [23, 24], suggesting that the MPO
gene is a major target of C/EBP«. Since it has been shown
that both N-terminal frame-shift mutant and C-terminal
mutant do not show transcriptional activity [25], we first
speculated that mutations of the CEBPA gene might lead to
decreased MPO activity, which turned out to be wrong.
AML1 is another gene that has been reported to participate
in up-regulation of MPO gene [26]. An AMLI site was
identified in upstream enhancer of the human MPO gene,
which appears to be necessary for maximal stimulation of
MPO promoter activity. In patients with AML with t(8;21),
the translocation results in an in-frame fusion between 5
exons of the AM1 gene and essentially all of the ETO gene
producing a chimeric protein [27]. This protein, AML1-
ETO, acts as a negative dominant inhibitor of wild-type
AMLI1 [28], which theoretically could lead to down-regu-
lation of AML1 target genes, such as MPO gene. However,
blasts with t(8;21) have been shown to display higher
levels of MPO expression both in clinical samples and in
vitro experiments [29, 30], suggesting that the transcrip-
tional alterations caused by these mutations are complex.
The upregulation of blast MPO activity seen in CEBP/
goovwblemut (aces may be due to alterations in the gene
expression profile, rather than a simple dominant negative
effect of mutated CEBP/a. Further experiments including
investigation of transactivation potential of CEBP/a
mutants on MPO promoter is necessary to clarify this
mechanism.

CEBPA mutations are associated with a relatively
favorable outcome, and it was recently shown in a multi-
variable analysis including cytogenetic risk and the
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Table 3 Frequency of FLT3-ITD, NPMI, and CEBPA mutations by clinical characteristics in de novo AML cases with a normal karyotype

FLT3 P NPM1 P CEBPA P
ITD Other type Mutation without  Other type Double mutation Other type
n=11) @®=49 FLT3-ITD (n=47) without FLT3-ITD  (n = 52)
(n=13) (n=28)
Age 0.08 0.74 0.10
<50 1 19 15 5 15
>50 10 30 8 32 3 37
PS 1.00 0.20 0.52
0-2 10 45 11 45 7 48
3-4 1 4 2 2 4
WBC 0.02 1.00 1.00
<20,000 2 30 7 25 4 28
>20,000 9 19 6 22 4 24
FAB subtype 0.33 0.18 0.58
M1, M2, M4, M5 11 41 13 39 8 44
MO, M6, M7 0 8 0 8 0 8
JALSG score® 0.79 0.72 0.09
Favorable 0 5 0 5 2 3
Intermediate 2 18 5 15 5 15
Adverse 2 9 2 9 0 11
CR* 1.00 0.56 0.56
Achievement 4 27 7 24 7 24
Failure 0 5 0 5 0 5
? Analysis was carried in 36 patients with intensive chemotherapy
100 - 100
90 —| 90 —
- 80 —| = 80 — CEBPA dowblemst (p=T)
§ 70 MPO-H (p=16) §' 70
S 60 £ 60 NPMI mutation without FLT3-ITD (n=7)
£ s g s
3 § 0
g ;g : MPOL (1=20) cg; ‘;2 ] Other senotypes (n=22)
20 — 20 -
10 | P=0.10 10 - P=007
0 T T T T T I T T T T T T 0 7 T T T T 7 T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Days Days

Fig. 3 Kaplan—Meier estimates of the probability of overall survival
in 36 patients who received intensive chemotherapy, according to the
percentage of myeloperoxidase-positive blasts. MPO-H (MPO-
positive blasts: >50%) tended to have a positive effect on overall
survival compared with MPO-L (MPO-positive blasts: <50%),
although the difference was not statistically significant. The statistical
significance of differences was evaluated with the log-rank test

FLT3-ITD and NPMI mutations that the CEBPA%"le™1
genotype is associated with favorable overall and event-
free survival [15, 16]. In a cohort of 60 cases of adult de
novo AML, we identified 1 CEBPAS™8 ™ case and 10
CEBPA%"™™=™ cases, and in line with previous reports,

Fig. 4 Overall survival according to genotype in patients adminis-
tered intensive chemotherapy. ‘Other genotypes’ was defined as the
FLT3-ITD genotype, the CEBPA™™" genotype, and the triple-
negative genotype consisting of the wild-type NPMI and CEBPA
genotypes without FLT3-ITD. The patients with the CEBPA%°Uble-mut
genotype tended to show higher overall survival compared with the
patients with ‘other genotypes’ (P = 0.07)

our study tended to show better overall survival in
CEBPA"™™*™" cases compared to cases with wild-type
CEBPA in patients treated with intensive chemotherapy.
We failed to find a prognostic effect in relation to the
CEBPA™™™* ™" in patients treated with low dose
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Fig. 5 MPO-positivity rate in
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blast according to genetic
abnormalities in de novo AML

patients with a normal Dunn's multiple I P<0.05 |
karyotype. ‘Other genotypes’ comparison test
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ingle-mut
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chemotherapy (data not shown), suggesting that the stan-
dard chemotherapy dose is necessary to improve the out-
come of CEBPA"™*™ cages.

It is unclear why CEBPA"'*™* AML patients have a
better outcome than those with CEBPA wild-type AML. One
explanation is that high MPO expression leads to increased
sensitivity to chemotherapeutic agents, such as to Ara-C [8].
To test this hypothesis, we also examined the association
between blast MPO positivity and overall survival in CEBPA
wild-type cases. Unexpectedly, when the patients were
treated with intensive chemotherapy, the percentage of
MPO-positive blasts was not significantly associated with
overall survival in this group (data not shown), suggesting
that the level of MPO expression itself is not responsible for
the improvement in overall survival. However, as this
analysis only involved 28 cases, we need to increase the
number of cases in order to draw a definitive conclusion.

In summary, the data presented here suggested that the
CEBPA%"P*™ genotype was associated with high MPO
blast activity in patients with a normal karyotype. Although
the results were obtained from a single institution, the
presence of CEBPA%"™*™" genotype in high MPO group
could explain, at least in part, why high MPO blast activity
is associated with better overall survival. Further studies in
a larger cohort of patients are necessary to assess blast
MPO activity as a prognostic factor, especially in CEBPA
wild-type patients with a normal karyotype.
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