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Abstract: Hematopoietic cells in the bone marrow of myelodysplastic syndromes (MDS) exhibit a complex pattern of
cellular dynamics, showing active cellproliferation, as well as frequent apoptosis. To determine the influence of ACI-
NUS expression on the regulation of cellular dynamics in MDS, the expression of ACINUS in bone marrow samples
from controls and patients with MDS, overt leukemia (OL) transformed from MDS and de novo acute myeloid leuke-
mia (AML) was analyzed using immunohistochemistry and real-time quantitative PCR (RT-PCR). The expression of
the ACINUS protein was up-regulated in the bone marrow of MDS, OL, and de novo AML. RNA of ACINUS-S’ also up-
regulated as the same pattern, whereas ACINUS-L did not. In vitro experiments demonstrated that overexpression
of ACINUS-S’ resulted in increased cell proliferation. These results suggest that ACINUS variants exhibit differential
patterns of expression and function in the bone marrow of myeloid neoplasms, such as MDS, OL, and de novo AML.
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Introduction

The hematopoietic cell dynamics of myeloid
neoplasms are positively and negatively regu-
lated by multiple and complex factors in bone
marrow. These factors can include genetic/epi-
genetic changes in stem cells/neoplastic cells
[1-4]; humoral factors, such as cytokines and
chemokinesproduced by various types of cells
[5]; cognitive contact of hematopoietic cells
with stromal cells constituting the so-called
microenvironment [6]; and vascular supply [7].
In contrast to neoplastic cells in myeloid leuke-
mia and/or myeloproliferative neoplasms, he-
matopoietic cells in myelodysplastic syndromes
(MDS) are characterized by an apoptosis-prone
nature, although they also show high prolifera-
tive activity [8, 9].

We previously showed that many kinds of bio-
logical signals regulated the apoptotic features
of MDS bone marrow cells [10-15]. In a mouse
model of retrovirus-induced leukemia in mice,
we demonstrated that two proteins, minichro-

mosome maintenance 2 (MCM2) and ACINUS,
were key factors in host- specific induction of
DNA-damage-induced apoptosis in hematopoi-
etic cells of Friend leukemia virus-infected mice
[16, 17]. MCM2 positively regulated the induc-
tion of apoptosis of hematopoietic cells in nor-
mal C3H mice but in other strains of mice [16,
17]. Normal C3H mice expressed higher levels
of MCM2 in hematopoietic cells as compared
with the levels in other strains of mice [18, 19].
MCM2 was also shown to be highly expressed
in apoptosis-prone hematopoietic cells of MDS
patients [20].

ACINUS, the other keyapoptotic protein exam-
ined in the above-mentioned experiments, was
previously identified as a caspase-3-activated
protein required for apoptotic chromatin con-
densation [21]. The ACINUS protein has differ-
ent isoforms (ACINUS-L, ACINUS-S, and ACIN-
US-S’), which regulate cell dynamics in a variety
of ways [22]. Previous research demonstrated
that an upstream molecule, Akt, phosphorylat-
ed ACINUS and inhibited its proteolytic cleav-
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age, preventing ACINUS-dependent chromatin
condensation [23]. It also showed that ACINUS
was phosphorylated on serine 422 and 573,
making it resistant to caspase cleavage, and
that this Akt-regulated process led to the sur-
vival of cells [23].

The potential influence of ACINUS on the cell
dynamics of myeloid neoplasms is not known.
Thus, the aim of the present study was to inves-
tigate the effects of ACINUS expression in bone
marrow cells of patients with myeloid neo-
plasms and controls. An additional aim was to
analyze functional aspects of ACINUS using cell
line cells.

Materials and methods
Patients and bone marrow samples

For clinical samples, bone marrow clots were
obtained by aspiration during routine pathologi-
cal diagnostic procedures. Fresh frozen sam-
ples were obtained from the National Hospital
Organization Kumamoto Medical Center. For-
malin fixed, paraffin embedded (FFPE) bone ma-
rrow samples were obtained from patients at
Tokyo Medical and Dental University Hospital.
This study was approved by the Ethics Com-
mittees of Tokyo Medical and Dental University
and National Hospital Organization Kumamoto
Medical Center. Informed consent was obtained
via disclosing information, according to the
Ethical Guidelines for Clinical Studies of The
Ministry of Health, Labour, and Welfare, Japan.
All the procedures were conducted in accor-
dance with the ethical standards established
by these committees (approval no.: M2015-
545).

Diagnoses were made according to the criteria
of the World Health Organization [24, 25].
Informed consent was obtained from all the
individuals.

FFPE samples were obtained from 21 patients
with MDS before treatment (15 males and 6
females; median age of 64 years), 13 patients
withovert leukemia (OL) transformed from MDS
(9 males and 4 females; median age of 62
years), 8 patients withde novo AML (6 males
and 2 females; median age of 62 years), and 8
controls with no hematologic disorders and no
remarkable pathological changesin their bone
marrow (3 males and 5 females; median age of
58.5 years).
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Fresh frozen samples were obtained from 28
patients with MDS before treatment (23 males
and 5 females; median age of 75.5 years), 11
patients with OL (7 males and 4 females; medi-
an age of 65 years), 19 patients withde novo
AML (9 males and 10 females; median age of
73 years), and 18 controls with no remarkable
pathological changesin theirbone marrow (6
males and 12 females; median age of 67
years).

Immunohistochemical staining methods

For immunohistochemical staining, 4-um-thick
FFPE bone marrow sections were used. After
de-paraffinization, heat-based antigen retriev-
al, endogenous peroxidase blockade using 3%
hydrogen peroxide, and blocking were per-
formed. The following primary antibodies were
used: ACINUS (Abcam), CD33, CD61 (NOVOCA-
STRA), and CD71 (Invitrogen). The primary anti-
bodies were incubated overnight at 4°C. Dete-
ction of Immunohistochemical staining was
performed using the following: an ABC kit (Ve-
ctor Laboratories, Burlingame, CA, USA) with
diaminobenzidine (Nichirei Bioscience), a HIS-
TOFINE simple stain AP series kit (Nichirei
Bioscience), and a WarpRed chromogen kit
(Biocare Medical, Concord, CA, USA). For dou-
ble immunostaining, heat treatment and block-
ing were performed between each step. For
negative isotype control, mouse IgG1 (Dako)
and a rabbit immunoglobulin fraction (Dako)
diluted to the same concentration as that of the
primary antibodies were used.

RNA preparation and real-time (RT) quantita-
tive polymerase chain reaction (PCR)

RNA was extracted from fresh frozen bone mar-
row samples using an RNeasy Mini Kit (Qiagen,
Germany), according to the manufacturer’s
instructions. cDNA was generated from RNA
using TagMan reverse transcription reagents
(Applied Biosystems). The primers were as fol-
lows: ACINUS-L: 5-GTTCGAAGGGCGTTGGCG-
GA-3’ (forward) and 5-CAGGGCACTCTTCTGC-
CCGC-3’ (reverse); ACINUS-S: 5-CAGAAAGC-
AAAGAAGGTGAGG-3’ (forward) and 5-TCA TC-
ATTGCTGACTTGGTCT-3’ (reverse); ACINUS-S’
5-ACTCGGGGTTTGCCTGAG-3’ (forward) and
5-TCATCATTGCTGACTTGGTCT-3’ (reverse); be-
ta-ACTIN: 5-AGCACAGAGCCTCGCCTTT-3’ (for-
ward) and 5-CACGATGGAGGGGAAGAC-3’ (re-
verse).
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Figure 1. Strong expression of ACINUS in bone marrow cells of MDS and AML. A. Immunohistochemistry of ACINUS
in control, MDS, MDS-OL, and de novo AML bone marrow (x400, original magnification). B. A box plot analysis of
the percentage of ACINUS-positive cells in the bone marrow of each group. The percentages of positive cells in the
MDS, OL, and de novo AML cases were significantly higher than those of the control cases (*P<0.05). C. A box plot
analysis of the percentage of ACINUS-positive cells in the bone marrow from low-risk (RA, RARS), intermediate-risk
(RCMD, RAEB-1), and high-risk MDS (RAEB-2) cases. Note the significantly higher numbers in the intermediate-risk
and high-risk groups as compared with the ratio in the low-risk group (*P<0.05).

The PCR reactions were performed using Fast
Start Universal SYBR Green Master (Rox)
(Roche) and were monitored using the ABI
Prism 7900HT Sequence Detection System
(Applied Biosystems). The mRNA level was ana-
lyzed using the 222t method and normalized
with glyceraldehyde 3-phosphate dehydroge-
nase as an endogenous control.

Cell culture and short hairpin (sh)-ACINUS and
overexpression of ACINUS

HEK293T cells were maintained in Dulbecco’s
Modified Eagle medium, supplemented with
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10% (v/v) fetal bovine serum. Short heparin
RNA (Invitrogen) was ligated to pSUPER (Oligo-
engine). To determine the impact of overex-
pression of the variants, the three different
variants were amplified using the PCR process
and ligated with pTarget vectors (Promega)
using TA cloning.

Statistical analysis

The Mann-Whitney U-test and Kruskal-Wallis
test were used to analyze the RT-PCR and
immunohistochemistry data obtained from the
human bone marrow samples.

Int J Clin Exp Pathol 2017;10(4):4330-4338
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Results

ACINUS was strongly expressed in the bone
marrow of MDS and AML

The expression of ACINUS in the bone marrow
cells ofthe MDS, OL, and de novo AML patients
was stronger than in the bone marrow cells of
the control group (Figure 1A). The numbers of
ACINUS-positive cells were evaluated by count-
ing the cells in five high-power fields (x400)
under a microscope, and the median values
were identified in each group. Statistically, the
expression of ACINUS was significantly higher
in the MDS, OL, and AML groups as compared
with that of the control group (Figure 1B). The
MDS cases were classified into the following
three groups: lowrisk (refractory anemia (RA),
refractory anemia with ringed sideroblasts
(RARS)), intermediaterisk (Refractory cytopenia
with multilineage dysplasia (RCMD), Refractory
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Figure 2. Double immunostaining of ACI-
NUS with cell-lineage markers in the bone
marrow ofan RCMD patient.The markers
used were CD33 for myeloid cells (A), CD61
for megakaryocytes (B), and CD71 for ery-
throid cells (C).

anemia with excess blasts (RAEB)-1), and
highrisk (RAEB-2). Interestingly, the expression
of ACINUS was significantly higher in the high-
risk and the intermediate-risk groups com-
pared to the low-risk group (Figure 1C). These
results suggested that ACINUS might have an
important role in the regulation of blastic cell
proliferation in the pathogenesis of MDS.

Localization of the ACINUS protein in the bone
marrow of MDS

To identify which lineage of hematopoietic cells
expressed ACINUS in MDS, double immunos-
taining was performed to localize ACINUS in lin-
eage marker-positive cells. The following lin-
eage markers were used: CD33 for myeloid
cells, CD71 for erythroid cellsand CD 61 for
megakaryocytes. Aimost all CD33-positive cells
were also positive for ASINUS (Figure 2A). In

Int J Clin Exp Pathol 2017;10(4):4330-4338



ACINUS in MDS

A ex1vex7 ex8ex18
ACINUS-L . i
exl ex2"ex12
ACINUS-S’ | |
exl ex2~ex12
ACINUS-S |] |
B ACINUS-L ACINUS-S ACINUS-S’
ok 1C03 *%
100000 6& 100 . 5 il —
10000 1': % 5 T 1] T ,i‘
1000
R
e o ESYs | LaEE
10 T . :
. '?' & 0 . Jf 5 8 163 é
1 g 164 5 ) 164 0
ol
Cont. MDS OL AML Cont. MDS OL AML = Cont. MDS OL AML

Figure 3. RT-PCR analyses of the expression of ACINUS isoforms in the bone marrow. A. Schematic illustration of the
splicing variants ACINUS-L, ACINUS-S, and ACINUS-S’. B. Expression analysis of each variant in bone marrow cells
from the control, MDS, OL, and de novo AML cases. The expression of ACINUS-L was significantly different higherin
MDS versus AML and OL versus AML, and the expression of ACINUS-S’ was significantly different higher in the OLver-
sus control and AML versus control. *P<0.05, **P<0.01.

contrast, few CD61-positive or CD71-positive
cells were positive for ACINUS (Figure 2B, 2C).

MRNA expression of ACINUS variants in the
bone marrow of MDS

Three variants of the ACINUS protein were iden-
tified with the regulation by splicing machinery
(Figure 3A). The expression of these three vari-
ants was examined in the control, MDS, OL,
and de novo AML samples by quantitative
RT-PCR. As shown in Figure 3B, ACINUS-L was
more strongly expressed in the MDS and OL
groups than in the de novo AML group. Although
the expression level of ACINUS-S was not sig-
nificantly different among the groups, the
expression of ACINUS-S’ was significantly upre-
gulated in the bone marrow of the OL and de
novo AML groups as compared to the control-
group. Generally, bone marrow cells inOL and
AML contain blast cell fractions and have high
cell proliferation activity. Thus, these results
suggested that ACINUS-S’ might contribute to
cell proliferation of blastic cells in MDS and
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AML and that ACINUS-L might have a different
role in the regulation of cell dynamics in these
myeloid neoplasms.

The hematopoietic cells of the MDS and OL
groups showed many features of apoptosis as
compared with those of the control group and
de novo AML group. Further studies are neces-
sary to clarify the role of ACINUS-L in the induc-
tion of apoptosis in hematopoietic cells of MDS.

Overexpression of ACINUS-S’ induced cell
proliferation

To evaluate the function of the ACINUS vari-
ants, three constructs of each variant were
transduced to HEK293T cells. The expression
of each variant after transduction was validat-
ed by Western blot analyses (Figure 4A). As
expected, ACINUS-S’ induced cell proliferation
in the transduced cells as compared with the
control cells (Figure 4B). Although the trans-
duction of ACINUS-L and ACINUS-S also induced
cell proliferation in HEK293T cells, the cell pro-

Int J Clin Exp Pathol 2017;10(4):4330-4338
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Figure 4. In vitro analyses of the effects of transduction of ACINUS isoformsinto HEK293T cells. A. Western blot
analysis of the expression of ACINUS proteins in the variant-transduced HEK293T cells. B. Overexpression of the
ACINUS isoforms, especially ACINUS-S’, induced cell proliferation in HEK293T cells. *P<0.05.
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Figure 5. Knockdown experiments of o
ACINUS. A. Western blot analysis, show- o 50
ing the efficient knockdown of ACINUS
with shRNA. B. Knockdown of ACINUS in-
duced a significant reduction in cell num- 0

bers 48 h after transduction. *P<0.05.

liferation tended to be greatest with ACINUS-S’
transduction. These results were consistent
with the in vivo data, which suggested that
ACINUS-S’ seemed to play an important role in
cell proliferation in the bone marrow of MDS.

Effects of ACINUS knockdown on cell growth

To further evaluate the function of ACINUS in
vitro, knockdown experiments were performed
using short hairpin RNAs for ACINUS. The ex-
pression of the ACINUS protein was reduced in
the HEK293T cells treated with sh-ACINUS
(Figure 5A). ACINUS knockdown also reduced
the total cell number of HEK293T cells 48 h
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after the transduction of shRNA. These results
suggested that ACINUS may be a key regulator
of cell proliferation in MDS.

Discussion

Research has demonstrated the roles of
ACINUS in apoptosis, RNA processing, regula-
tion of retinoic acid-responsive (RAR)-depen-
dent splicing, and RAR-dependent transcription
[26, 27]. ACINUS has three different isoforms,
termed ACINUS-L, ACINUS-S, and ACINUS-S'. Al-
though they have different patterns of subnu-
clear localization [26], their differential roles in
cellular biology are not clear. The present study

Int J Clin Exp Pathol 2017;10(4):4330-4338
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indicated that ACINUS-S’ appeared to positively
regulate the proliferation of hematopoietic cells
in the bone marrow of MDS and de novo AML
and that ACINUS-L had a role in MDS/OL-spe-
cific cell dynamics of bone marrow hematopoi-
etic cells, possibly through the induction of
apoptosis. As shown by the in vitro experi-
ments, overexpression of ACINUS-S’ strongly
supported the proliferation of cell line cells.

During normal erythroblast differentiation, ap-
optosis occurs via a mitochondria-related pro-
cess, which includesthe activation of caspases
and proteins, including ACINUS, that are invo-
Ived in nucleus integrity (lamin B) and chroma-
tin condensation [28]. The ACINUS protein has
been shown to be associated with the apop-
totic induction of monocytes, resulting from
differentiation-associated caspase activation
during their differentiation into macrophages
[29]. Thus, the physiological induction of apop-
totic processes in hematopoietic cells seems
to be strongly associated with the functions of
ACINUS proteins.

The apoptotic induction of tumor cells associ-
ated with ACINUS expression has been demon-
strated in prostatic cancer [30, 31]. However,
little is known about howthe ACINUS protein
regulates cellular dynamics during the process
of oncogenesis and/or tumor progression.In
the present study, in MDS and de novo AML,
ACINUS expression was up-regulated, indicat-
ing that the ACINUS variants (ACINUS-L and
ACINUS-S’) might not only contribute to apop-
totic induction in myeloid neoplasms but also
differentially regulate the proliferation/apopto-
sis of hematopoietic cells. Although the mecha-
nisms involved are likely complex and need to
be clarified in a future study, a therapeutic
strategy targeting the function of ACINUS might
be effective in controlling the cellular dynamics
of hematopoietic cells in bone marrow of MDS
and AML patients.

Previous studies have clarified a number of
gene mutations in MDS. However, the spec-
trum of those mutations overlapped largely
with that in AML. Thus, MDS-specific mutations
have not yet identified. Several groups reported
frequent mutations of multiple components of
the RNA-splicing machinery in MDS [32-34].
These splicing factor mutations suggested that
the pathogenesis of MDS differed from that of
de novo AML [34]. Little is known about the
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influence of these mutations on RNA splicing of
MDS cells. However, in a newly proposed sub-
classification of MDS, RNA splicing-related
mutations were one important criterion, togeth-
er with gene mutations relating to epigenetic
regulation, DNA-damage responses, transcrip-
tional regulation, and signal transduction [35].
A previous study demonstrated the role of
ACINUS in RNA binding and splicing regulation
[36]. Thus, the expression profiles of ACINUS in
the present study might be associated with
specific RNA-splicing mutations in MDS/AML.
ACINUS proteins may also have a supplemen-
tary role in loss-of-function mutations of RNA
splicing-related mutations. A further study is
needed to develop a targeting therapeutic
strategy for the newly proposed subclassifica-
tion of MDS based on the regulation of the
functions of splicing-related proteins, including
ACINUS.

Acknowledgements

The authors would like to thank Ms Miori Inoue
and Ms Sachiko Ishibashi and from the De-
partment of Comprehensive Pathology, Tokyo
Medical and Dental University for her technical
assistance and advice. This work was support-
ed in part by a Grant-in-Aid from the Ministry
of Education, Culture, Sports, Science and
Technology of Japan.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Masanobu Kitaga-
wa, Department of Comprehensive Pathology, Gr-
aduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University, 1-5-45 Yu-
shima, Bunkyo-ku, Tokyo 113-8510, Japan. Tel: +81-
3-5803-5173; Fax: +81-3-5803-0123; E-mail: ma-
sa.pth2@tmd.ac.jp

References

[1] Kitagawa M, Yoshida S, Kuwata T, Tanizawa T,
Kamiyama R. p53 expression in myeloid cells
of myelodysplastic syndromes. Association
with evolution of overt leukemia. Am J Pathol
1994; 145: 338-44.

[2] Kuninaka N, Kurata M, Yamamoto K, Suzuki S,
Umeda S, Kirimura S, Arai A, Nakagawa Y, Su-
zuki K, Kitagawa M. Expression of Toll-like re-
ceptor 9 in bone marrow cells of myelodysplas-
tic syndromes is down-regulated during

Int J Clin Exp Pathol 2017;10(4):4330-4338


mailto:masa.pth2@tmd.ac.jp
mailto:masa.pth2@tmd.ac.jp

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

ACINUS in MDS

transformation to overt leukemia. Exp Mol
Pathol 2010; 88: 293-8.

Li N, Abe S, Kurata M, Abe-Suzuki S, Onishi |,
Kirimura S, Murayama T, Hidaka M, Kawano F,
Kitagawa M. Over-expression of cancerous in-
hibitor of PP2A (CIP2A) in bone marrow cells
from patients with a group of high-risk myelo-
dysplastic syndromes. Pathol Oncol Res 2014;
20: 399-407.

Kirimura S, Kurata M, Nakagawa Y, Onishi I,
Abe-Suzuki S, Abe S, Yamamoto K, Kitagawa
M. Role of microRNA-29b in myelodysplastic
syndromes during transformation to overt leu-
kaemia. Pathology 2016; 48: 233-41.
Kitagawa M, Kurata M, Yamamoto K, Abe S,
Suzuki S, Umeda S. Molecular pathology of my-
elodysplastic syndromes: biology of medullary
stromal and hematopoietic cells (review). Mol
Med Rep 2011; 4: 591-6.

Abe-Suzuki S, Kurata M, Abe S, Onishi I, Kir-
imura S, Nashimoto M, Murayama T, Hidaka M,
Kitagawa M. CXCL12+ stromal cells as bone
marrow niche for CD34+ hematopoietic cells
and their association with disease progression
in myelodysplastic syndromes. Lab Invest
2014; 94: 1212-23.

Keith T, Araki Y, Ohyagi M, Hasegawa M, Yama-
moto K, Kurata M, Nakagawa Y, Suzuki K,
Kitagawa M. Regulation of angiogenesis in the
bone marrow of myelodysplastic syndromes
transforming to overt leukaemia. Br J Haema-
tol 2007; 137: 206-15.

Kitagawa M, Kamiyama R, Takemura T, Kasu-
ga T. Bone marrow analysis of the myelodys-
plastic syndromes: histological and immuno-
histochemical features related to the evolution
of overt leukemia. Virchows Arch B Cell-
Pathollncl Mol Pathol 1989; 57: 47-53.
Kitagawa M, Kamiyama R, Kasuga T. Expres-
sion of the proliferating cell nuclear antigen in
bone marrow cells from patients with myelo-
dysplastic syndromes and aplastic anemia.
Hum Pathol 1993; 24: 359-63.

Kitagawa M, Saito |, Kuwata T, Yoshida S, Ya-
maguchi S, Takahashi M, Tanizawa T, Kamiya-
ma R, Hirokawa K. Overexpression of tumor
necrosis factor (TNF)-alpha and interferon
(IFN)-gamma by bone marrow cells from pa-
tients with myelodysplastic syndromes. Leuke-
mia 1997; 11: 2049-54.

Kitagawa M, Yamaguchi S, Takahashi M, Tani-
zawa T, Hirokawa K, Kamiyama R. Localization
of Fas and Fas ligand in bone marrow cells
demonstrating myelodysplasia. Leukemia
1998; 12: 486-92.

Kitagawa M, Takahashi M, Yamaguchi S, Inoue
M, Ogawa S, Hirokawa K, Kamiyama R. Expres-
sion of inducible nitric oxide synthase (NOS) in

4337

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

bone marrow cells of myelodysplastic syn-
dromes. Leukemia 1999; 13: 699-703.
Sawanobori M, Yamaguchi S, Hasegawa M, In-
oue M, Suzuki K, Kamiyama R, Hirokawa K,
Kitagawa M. Expression of TNF receptors and
related signaling molecules in the bone mar-
row from patients with myelodysplastic syn-
dromes. Leuk Res 2003; 27: 583-91.
Yamamoto K, Abe S, Nakagawa Y, Suzuki K,
Hasegawa M, Inoue M, Kurata M, Hirokawa K,
Kitagawa M. Expression of IAP family proteins
in myelodysplastic syndromes transforming to
overt leukemia. Leuk Res 2004; 28: 1203-11.
Kurata M, Hasegawa M, Nakagawa Y, Abe S,
Yamamoto K, Suzuki K, Kitagawa M. Expres-
sion dynamics of drug resistance genes, multi-
drug resistance 1 (MDR1) and lung resistance
protein (LRP) during the evolution of overt leu-
kemia in myelodysplastic syndromes. Exp Mol
Pathol 2006; 81: 249-54.

Hasegawa M, Kurata M, Yamamoto K, Yoshida
K, Aizawa S, Kitagawa M. A novel role for aci-
nus and MCM2 as host-specific signaling en-
hancers of DNA-damage-induced apoptosis in
association with viral protein gp70. Leuk Res
2009; 33: 1100-7.

Kurata M, Abe S, Suzuki S, Li N, Ohnishi I,
Hasegawa M, Yamamoto K, Kitagawa M. DNA
damage-induced apoptosis and genetic back-
ground of the host: host-specific signaling en-
hancers of apoptosis. J Med Dent Sci 2011;
58: 85-8.

Abe S, Kurata M, Suzuki S, Yamamoto K, Aisaki
K, Kanno J, Kitagawa M. Minichromosome
maintenance 2 bound with retroviral Gp70 is
localized to cytoplasm and enhances DNA-
damage-induced apoptosis. PLoS One 2012;
7: e40129.

Abe S, Yamamoto K, Kurata M, Abe-Suzuki S,
Horii R, Akiyama F, Kitagawa M. Targeting
MCM2 function as a novel strategy for the
treatment of highly malignant breast tumors.
Oncotarget 2015; 6: 34892-909.

Suzuki S, Kurata M, Abe S, Miyazawa R, Mu-
rayama T, Hidaka M, Yamamoto K, Kitagawa
M. Overexpression of MCM2 in myelodysplas-
tic syndromes: association with bone marrow
cell apoptosis and peripheral cytopenia. Exp
Mol Pathol 2012; 92: 160-6.

Sahara S, Aoto M, Eguchi Y, Imamoto N, Yone-
da Y, Tsujimoto Y. Acinus is a caspase-3-acti-
vated protein required for apoptotic chromatin
condensation. Nature 1999; 401: 168-73.
Schwerk C, Prasad J, Degenhardt K, Erdju-
ment-Bromage H, White E, Tempst P, Kidd VJ,
Manley JL, Lahti JM, Reinberg D. ASAP, a novel
protein complex involved in RNA processing
and apoptosis. Mol Cell Biol 2003; 23: 2981-
90.

Int J Clin Exp Pathol 2017;10(4):4330-4338



(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

ACINUS in MDS

Hu Y, Yao J, Liu Z, Liu X, Fu H, Ye K. Akt phos-
phorylates acinus and inhibits its proteolytic
cleavage, preventing chromatin condensation.
EMBO J 2005; 24: 3543-54.

Vardiman JW, Thiele J, Arber DA, Brunning RD,
Borowitz MJ, Porwit A, Harris NL, Le Beau MM,
Hellstrom-Lindberg E, Tefferi A, Bloomfield CD.
The 2008 revision of the World Health Organi-
zation (WHO) classification of myeloid neo-
plasms and acute leukemia: rationale and im-
portant changes. Blood 2009; 114: 937-51.
Arber DA, Orazi A, Hasserjian R, Thiele J,
Borowitz MJ, Le Beau MM, Bloomfield CD, Ca-
zzola M, Vardiman JW. The 2016 revision to
the World Health Organization classification of
myeloid neoplasms and acute leukemia. Blood
2016; 127: 2391-405.

Wang F, Wendling KS, Soprano KJ, Soprano
DR. The SAP motif and C-terminal RS- and RD/
E-rich region influences the sub-nuclear local-
ization of Acinus isoforms. J Cell Biochem
2014; 115: 2165-74.

Wang F, Soprano KJ, Soprano DR. Role of Aci-
nus in regulating retinoic acid-responsive gene
pre-mRNA splicing. J Cell Physiol 2015; 230:
791-801.

Zermati Y, Garrido C, Amsellem S, Fishelson S,
Bouscary D, Valensi F, Varet B, Solary E, Her-
mine O. Caspase activation is required for ter-
minal erythroid differentiation. J Exp Med
2001; 193: 247-54.

Sordet O, Rébé C, Plenchette S, Zermati Y, Her-
mine O, Vainchenker W, Garrido C, Solary E,
Dubrez-Daloz L. Specific involvement of cas-
pases in the differentiation of monocytes into
macrophages. Blood 2002; 100: 4446-53.
Saleem M, Kweon MH, Yun JM, Adhami VM,
Khan N, Syed DN, Mukhtar H. A novel dietary
triterpenelLupeol induces fas-mediated apop-
totic death of androgen-sensitive prostate can-
cer cells and inhibits tumor growth in a xeno-
graft model. Cancer Res 2005; 65: 11203-13.
Singh SS, Mehedint DC, Ford OH, Jeyaraj DA,
Pop EA, Maygarden SJ, Ivanova A, Chan-
drasekhar R, Wilding GE, Mohler JL. Compari-
son of ACINUS, caspase-3, and TUNEL as
apoptotic markers in determination of tumor
growth rates of clinically localized prostate
cancer using image analysis. Prostate 2009;
69: 1603-10.

4338

(32]

(33]

(34]

(35]

(36]

Papaemmanuil E, Cazzola M, Boultwood J,
Malcovati L, Vyas P, Bowen D, Pellagatti A,
Wainscoat JS, Hellstrom-Lindberg E, Gamba-
corti-Passerini C, Godfrey AL, Rapado I, Cvejic
A, Rance R, McGee C, Ellis P, Mudie LJ, Ste-
phens PJ, McLaren S, Massie CE, Tarpey PS,
Varela |, Nik-Zainal S, Davies HR, Shlien A,
Jones D, Raine K, Hinton J, Butler AP, Teague
JW, Baxter EJ, Score J, Galli A, Della Porta MG,
Travaglino E, Groves M, Tauro S, Munshi NC,
Anderson KC, EI-Naggar A, Fischer A, Mus-
tonen V, Warren AJ, Cross NC, Green AR, Fut-
real PA, Stratton MR, Campbell PJ; Chronic
Myeloid Disorders Working Group of the Inter-
national Cancer Genome Consortium. Somatic
SF3B1 mutation in myelodysplasia with ring
sideroblasts. N Engl J Med 2011; 365: 1384-
95.

Yoshida K, Sanada M, Shiraishi Y, Nowak D,
Nagata Y, Yamamoto R, Sato Y, Sato-Otsubo A,
Kon A, Nagasaki M, Chalkidis G, Suzuki Y, Shio-
saka M, Kawahata R, Yamaguchi T, Otsu M,
Obara N, Sakata-Yanagimoto M, Ishiyama K,
Mori H, Nolte F, Hofmann WK, Miyawaki S, Su-
gano S, Haferlach C, Koeffler HP, Shih LY, Ha-
ferlach T, Chiba S, Nakauchi H, Miyano S, Oga-
wa S. Frequent pathway mutations of splicing
machinery in myelodysplasia. Nature 2011;
478: 64-9.

Ogawa S. Splicing factor mutations in myelo-
dysplasia. Int J Hematol 2012; 96: 438-42.
Gangat N, Patnaik MM, Tefferi A. Myelodys-
plastic syndromes: contemporary review and
how we treat. Am J Hematol 2016; 91: 76-89.
Rodor J, Pan Q, Blencowe BJ, Eyras E, Caceres
JF. The RNA-binding profile of Acinus, a periph-
eral component of the exon junction complex,
reveals its role in splicing regulation. RNA
2016; 22: 1411-26.

Int J Clin Exp Pathol 2017;10(4):4330-4338



