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Abstract

Although previous researches have demonstrated that GINS2 express abundantly and abnormally
in many malignant solid tumors, such as breast cancer, melanoma and hepatic carcinoma. How-
ever, the role and precise molecular mechanism in acute promyelocytic leukemia (APL) are rarely
reported. In this current study, we investigated the possible effect and particular mechanism of
GINS2 in occurrence and development of APL. We synthesized interference plasmid targeted
GINS2 successfully in vitro and also constructed recombinant adenovirus vector carrying GINS2
gene in order to down-regulate or up-regulate GINS2 expression from two aspects of positive and
negative in APL. After siRNA were transfected into HL60 cells, both GINS2 expression level of
mRNA and protein in interfering group were down-regulated when compared with control
groups. Together, MTT and flow cytometry technology showed that cell growth was significantly
inhibited. Moreover, the expression lever of Bax was distinctly increased whereas Bcl2 was
dramatically decreased in transfected group. Further experiments revealed that down-regulation
of GINS2 expression inhibited DNA replication and had a G2/M phase block in HL60 cells. What's
more, ATM, CHK2, and P53 gene could involve in the pathogenic signaling pathways of HL60 cells
when GINS2 gene was down-regulated. On the contrary, after HL60 cells were infected by re-
combinant adenovirus vector which contained GINS2 gene, we observed that over-expression of
GINS2 could promote HL-60 cell proliferation. What’s more, GINS2 might implicate a potential
target for leukemia gene therapy.
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1. Introduction

Leukemia is a malignant clone hematonosis de-
prived from hemopoietic stem cells, blood system
malignant tumors account for about 7% of the new
tumor patients each year. However, acute myeloid
leukemia (AML), account for 80% of adult leukemia,
is the malignancy with the highest incidence of mor-
bidity and mortality mainly in adult aged under 35
years old[1]. APL is a clear subtype of AML, the ge-
netic characteristics of this typical is the chromosome
translocation of t (15; 17), which fuses promyelocytic
(PML) leukemia gene located on chromosome 15 to

retinoic acid receptor alpha (RAR a) gene mapped on
chromosome 17. As a result, fusion protein PML-RAR
a encoded by mosaic gene plays an important role in
the process of APL [2]. It is discovered by Lane [3-4]
that fusion protein PML-RAR a may be cut into two
different variant proteins by neutrophil elastase (NE).
This kind of cleavage action separates nuclear locali-
zation signal (NLS) from PML gene which is named as
PML (NLS-). Besides, RAR a gene links to NLS as a
whole part which is named as NLS- RAR a. Previ-
ous experimental  studies in  our laborato-
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ry have proved that GINS2 protein interact with PML
(NLS") protein by using of yeast two-hybrid system
and co-immunoprecipitation techniques [5, 6, 7]. This
is laid a foundation of further study on the role of
GINS2 gene in our future study.

GINS (Go-Ichi-Ni-San, five, one, two, and three
in Japanese) complexes which consist of PSF1, PSF2,
PSF3, and SLD5 (subunits of SLD) are a nucleic acid
replication factor which are firstly discovered by Ta-
kayama [8] through genetic screening method. Four
submits of GINS complexes initiate a cyclic structure
which plays a significant role in the beginning of
DNA replication [9, 10].GINS2, also known as Psf2, is
encoded by GINS2 gene locates on human chromo-
some 16q24 which performs in both initiation of DNA
replication and the cell cycle process [11].

In order to further explore the effect and mecha-
nism of GINS2 in the progression of APL, we knocked
down the expression of GINS2 by RNA interference
and over-expressed GINS2 by adenovirus infection in
HL60 cells. And then, we detected the effect of cell
apoptosis and proliferation, cell cycle distribution,
changes of apoptotic proteins.

2. Materials and methods
2.1. Cell line and culture

HL60 (Institutes for Biological Sciences, Shang-
hai, China) cells were inoculated in culture medium
(RIPA1640, Gibco, MD, USA) with 10% fetal bovine
serum (FBS, Gibco, MD, USA). Grow cells at 5%CO2,
37 °C. All of cells were replaced medium at intervals
of 2 days.

2.2. Construction of RNAi plasmid and re-
combinant adenovirus vector

According to the mRNA sequence of GINS2
(NM_016095), short hairpin RNA molecules targeted
to mRNA site of this gene were synthesized by cor-
poration (sangon biotech, Shanghai, China).
Oli-gonucleotides were annealed and ligated to
PGPU6/GFP/Neo plasmid (Genepharma, Shanghai,
China). The sequence of three interference groups and
one negative control group were as followed:

psiGINS2-1:
Sense:5-CACCGCTGGCGATTAACCTGAAACATT
CAAGAGATGTTTCAGGTTAATCGCCAGCTTTTTT
G-3’;Antisense:5’-GATCCAAAAAAGCTGGCGATT
AACCTGAAACATCTCTTGAATGTTTCAGGTTAA
TCGCCAGC-3’

psiGINS2-2:
Sense:5-CACCGGATCATGAACGAAAGGAAGATT
CAAGAGATCTTCCTTTCGTTCATGATCCTTTTTT
G-3’;Antisense:5-GATCCAAAAAAGGATCATGAA
CGAAAGGAAGATCTCTTCCTTTCGTTCATGATC
CTTTTTTG-3

psiGINS2-3:
Sense:5-CACCGCCCTTACTACATGGAACTTATTC
AAGAGATAAGTTCCATGTAGTAAGGGCTTTTTT
G-3’;Antisense:5’-GATCCAAAAAAGCCCITACTAC
ATGGAACTTATCTCTTGAATAAGTTCCATGTAGT
AAGGGC-¥

Negative control group:
Sense:5’-CACCGTTCTCCGAACGTGTCACGTCAAG
AGATTACGTGACACGTTCGGAGAATTTTTTG-3;
Antisense: 5-GATCCAAAAAATTCTCCGAACGTG
TCACGTAATCTCTTGACGTGACACGTTCGGAGA
A-3

Besides, we constructed and identified a recom-
binant adenovirus vector carrying human GINS2 gene
which was named as pAd-GINS2, RFP-expressing
adenovirus vector pAd-KZ as control.

2.3. RNA interference

Cell density could be 50~80% confluent on the
day of transfection. HL-60 cells (5%10°/ml) in loga-
rithmic growth phase were seeded in 6-well plates.
For each well of cells to be transfected, diluted 3 pg of
DNA into 100 pl of Opti-MEM I (Invitrogen, Carlsbad,
California) reduced serum medium without serum.
Then, diluted 15ul of Lipofectamine LTX (Invitrogen,
Carlsbad, California) into the above diluted DNA
solution mixed gently and incubated for 25 minutes at
room temperature. Added above of the
DNA-Lipofectamine LTX complexes directly to each
well and mixed gently by rocking the plate back and
forth. After incubation at 37° C for 48 hours, green
fluorescence protein (GFP) could be verified by fluo-
rescent microscopy. Transfection efficiency was de-
termined by the number of cells expressing GFP. The
experimental groups were divided into untreated
group (HL60 cells), negative control group,
psiGINS2-1, psiGINS2-2, and psiGINS2-3 group.

2.4. Cell infection by adenovirus

HL-60 cells (2x105/ml) were cultured in 24 well
plates, and then infected with recombinant adenovi-
rus pAd-GINS2 and pAd-KZ respectively. Red fluo-
rescence microscopy was used to observe fluorescence
after infection for 48h. The experiment was divided
into infection group HL60/ pAd-GINS2, empty vector
group HL60/pAd-KZ and untreated HL60 cells
group.

2.5. RNA isolation and RT-PCR analysis

Total RNA from each group extracted using
Trizol reagent (Invitrogen, Carlsbad, California) was
converted to cDNA .PCR reaction system containing 2
p L of cDNA, 1 p L (20pM) of each primer, and 25uL
Premix Taq enzyme (TaKaRa, Dalian, China), and
then sterile water was up to 50 p1 L. The reaction con-
dition were: predenaturation at 95°C for 5min, dena-
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turation at 95 °C for 10s, annealing at 55 °C for 355,
extension at 72 °C for 30s, 35 cycles. The PCR product
were separated on 1.5% agarose gels and stained with
ethidium bromide. -actin served as an internal posi-
tive control.

2.6. Western blot

Sixty micrograms of cell protein from each group
were separated on 12% polyacrylamide gels and then
transferred to polyvinylidene difluoride (PVDF)
membrane. These membranes were incubated for 3h
at room temperature in 5% skim milk (diluted with
Tris-buffered-saline with Tween). Primary antibodies
used were anti-human GINS2 rabbit polyclonal anti-
body (diluted 1:1000, Abcam, USA); anti-human Chk2
phospho (pT68) / phospho P53 (pS15)/CDK1/ATM/
rabbit monoclonal antibody (diluted 1:1000, Santa
Cruz Biotechnology, USA). Membranes were incu-
bated with primary antibodies overnight at 4 °C, and
then incubated in secondary antibody (goat an-
ti-rabbit antibody, 1:2000 dilution, Zhongshan gold-
enbrioge Biotechnology Co., Ltd., Beijing, China) for
1h at room temperature. After washing three times in
Tris-buffered-saline with Tween (TBST), immunore-
active complexes were visualized using ECL chemi-
luminescence system (Bio-rad USA). B-actin served as
an internal positive control.

2.7. MTT assay

The cells were plated onto 96-well plates at a
number of 5 x 10° per well. 20p L of 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT, 5 mg/ml, Sigma, MO, USA) was
added to cells for quantifying cell proliferation from 1
to 4 days. MTT was removed after 4h incubation, then
added dimethyl sulfoxide (DMSO, Sigma, MO, USA)
to solubilize the formazan granules. Absorbance of
each well was measured at 490 nm using a spectro-
photometer (Bio-rad USA). Cell growth curve was
made with absorbance as ordinate and time as ab-
scissa. Experimental results were analyzed by the
SPSS17.0 software and repeated the experiment 3
times.

2.8. Soft agar colony formation assay

The cells were routinely harvested and resus-
pended in complete medium, then seeded in 24 well
plates (2 000 cells per well), 3 control wells are in-
cluded that contain the same account of cells as the
experimental wells. Two weeks after the conventional
culture, Anchorage-independent growth was meas-
ured by counting the colony number and observation
of the size of colony. Each cell colony contained 50 or
more than 50 cells as a colony, Colony forming rate =
(colony number / inoculated cell number) x 100%.

2.9. Flow cytometry assay

The cells were routinely collected and centri-
fuged for 5 min, 250xg at room temperature. After
being washed twice with phosphate-buffered saline
(PBS) and then prepared staining mixture by adding
fluorescent dye. Cell apoptosis rate was analyzed by
FACsorter (Becton Dickinson, CA, USA) after being
incubated for 15 min at room temperature. Experi-
ment result was repeated three times. Besides, cell
suspension was collected into tube to centrifuge for 5
min, then prepared staining mixture by adding 1 000p
L PBS, 500 1 L 70% ethanol. After being reacted over-
night at 4 °C, cell cycle was detected by FACsorter
(Becton Dickinson, CA, USA).

2.10.

Statistical analyses were performed using
SPSS17.0 software. Experimental results were repre-
sented as means +SD. Independent sample t test was
used to compare two groups. P < 0.05 was reflected to
statistic significant difference.

Statistical analysis

3. Results

3.1. The fluorescent protein expression in
HL-60 cells

To down-regulate the expression of human
GINS2 gene, we transfected psiGINS2-shRNA with
enhanced GFP into HL60 cells. After transfection of
interference plasmids for 48h, our data showed that
the percentage of GFP positive cells in psiGINS2-2
group and negative control group were 70% and 60%
respectively (Figure 1A). These results suggested that
interference plasmid was successfully transfected into
the HL60 cells and expression of green fluorescent
reporter gene.

In addition, we also over-expressed human
GINS2 gene using recombinant adenovirus. Our re-
sults revealed that the percentage of RFP positive cells
were 75% in HL60/ pAd-GINS2 group and of that
80% in HL60/pAd-KZ group at 72h (Figure 1B).

3.2. Transient silencing GINS2 in APL cell line
HL60

In order to understand the function of GINS2
gene in APL, we silenced its endogenous expression
by way of RNA interference, and then measured by
RT-PCR and Western blot methods. Compared with
the untreated group, mRNA expression levels were
down-regulated in three interference groups (P<0.05,
Figure 2A,C). Data was as followed: psiGINS2-1
group (49 =1%), psiGINS2-2 group (41+2%), and
psiGINS2-3 group (91+1%). Moreover, the result of
Western blot was similar to RT-PCR, which demon-
strated that protein expression levels were decreased
dramatically in three groups targeted to GINS2 espe-
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cially in psiGINS2-2 group (P<0.05, Figure 2B,D). No
significant difference of GINS2 mRNA and protein
levels was found among the control groups (P>0.05,
Figure 2). Taken together, the results suggested us
that the level of GINS2 was inhibited efficiently.

3.3. Up-regulation of GINS2 in
HL-60/pAd-GINS2 cells

To study on the relationship between GINS2 and
tumorigenesis, it was necessary to simultaneously
compare the effects of over-expression and inhibition
of GINS2 expression on the growth of HL60. Similar-
ly, we detected the expression levels of GINS2 after
infecting by recombinant adenovirus vector carrying
GINS2 using RT-PCR and Western blotting respec-
tively. The results showed that GINS2 expressed sig-
nificantly in HL60/pAd-GINS2 group higher than
control groups (P<0.05, Figure 3).

3.4. Effect of GINS2 gene on the proliferation
of HL60 cells

To examine whether down-regulation of GINS2
has an influence on cells growth in vitro, MTT assay
and colony formation method were performed to de-
tect the proliferation of HL60 cells respectively. MTT
assay showed that cell growth was dramatically in-
hibited in psiGINS2 group in a time-dependent
manner compared with bank control group and NC
siRNA group (P<0.05, Figure 4C). The highest inhibi-
tory rare was (53 =1%) at 96h. Colony formation assay
demonstrated that a significant decreased colony
formation both in size and number in psiGINS2 group
(Figure 4A), as compared with control groups
(P<0.05). Besides, both MTT assay and colony for-
mation method illustrated that up-regulation of
GINS2 could increase cell growth of HL60 (P<0.05,
Figure 4D, E and F).

psiGINS2-2

Negative control

HL60/pAd-GINS2

Figure I. Fluorescent microscopy of HL60 cells after transfection or infection (%¥200). A, Detection of expression levels of GFP by fluorescence microscope in
psiGINS2-2 group and negative control group. B, Detection of expression levels of RFP by fluorescence microscope in HL60/pAd-GINS2 group and HL60/pAd-KZ group.

HL60/pAd-KZ
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Figure 2. Detection of GINS2 in transfected cells. A, RT-PCR was performed to detect silence of GINS2 in HL60 cells. B, Western blot was performed to measure silence
of GINS2 in HL60 cells. C, The level of GINS2 mRNA in psiGINS2-2 group was significantly decreased compared with control groups. D, Typical results of Western blot and
densitometric analysis for quantitative evaluation is shown. The average signal intensity was standardized to B-actin. Data was shown as means = SD of triplicate experi-
ments.*P<0.05(vs. untreated control).
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Figure 3. Detection of GINS2 in infected cells. A, RT-PCR analysis of GINS2 after being infected by pAd-GINS2 and pAd-KZ respectively at mRNA level. B, Western
blotting analysis of GINS2 after being infected by pAd-GINS2 and pAd-KZ respectively at protein level. C, 3-actin served as an internal positive control. D, Densitometric analysis
for quantitative evaluation. B-actin was used to demonstrate equal loading of all samples. Data was shown as means + SD of triplicate experiments. *P <0.05 (vs. control).
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Figure 4. Cell proliferation after down-regulation or over-expression of GINS2 in HL60 cells respectively. A, Down-regulation of GINS2 expression showed that
colony-forming activities in psiGINS2-2 group decreased significantly on soft agar through counting numbers of colonies (1,psiGINS2-2, 2,NC siRNA and 3,untreated control). B,
The colonies of psiGINS2-2, NC siRNA and untreated control group formed on soft agar. C, MTT assay was performed to measure proliferation potential of cells after silencing
of GINS2. D, UP-regulation of GINS2 expression showed that colony-forming activities in pAd-GINS2 group increased remarkably on soft agar through counting numbers of
colonies (I,pAd-GINS2, 2,pAd-KZ and 3, untreated control). E, The colonies of pAd-GINS2, pAd-KZ and untreated control group formed on soft agar. F, MTT method was
executed to detect cell proliferation after over-expression of GINS2. Each assay condition was carried out in triplicate in at least two independent batches. Data was represented
as means * SD of three impendent experiments. *P <0.05 (vs. control).
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3.5. Cell apoptosis results

To evaluate accurately the effect of up-regulation
or down-regulation of GINS2 gene on the apoptotic
rate of HL60 cells, the flow cytometry analysis was
performed to measure the amount of apoptotic cells.
Our data revealed that apoptosis rate in psiGINS2-2
group(16.59+0.61%) was obviously higher than that
of NC siRNA group (8.06 £0.71%) and untreated
groups (6.21+0.85%) after transfection for 48h (P<
0.05, Figure 5A and C).In addition, apoptosis rate in
HL60/pAd-GINS2 group (0.89+0.25%) was dramat-
ically lower than that of HL60/pAd-KZ group (8.25+
0.66%) and untreated groups (6.58+0.95%) after in-
fection for 48h (P < 0.05, Figure 5B and D).

3.6. The expression of apoptosis-related gene
Bax and Bcl2

To investigate the effect of GINS2 on apoptosis
in APL, we also measured the expression level of
relevant apoptosis gene Bax and Bcl2 after
down-regulation and up-regulation of GINS2 in vitro.
These results showed for us that down-expression of
GINS2 could increase the level of Bax expression and
decrease Bcl2 expression, as compared with control
group (Figure 6A).On the other hand, compared with
control group, over-expression increased the expres-
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sion level of Bcl2 and decreased the expression level
of Bax (Figure 6B).

3.7. Down-regulation of GINS2 affected the
cell cycle progression

For the purpose of further understanding the
role and mechanism of GINS2 gene in cell cycle after
silencing its expression, flow cytometric analysis was
performed to detect cell cycles, while western bolt
was used to measure the expression of cell cycle reg-
ulatory factors CDK1, Cyclin B1, ATM, CHK2, and
P53. FACS demonstrated that the percentage of cells
of psiGINS2 group in G2/M phase was significantly
increased compared with NC siRNA group and un-
treated control group (Figure 7A), which proved there
had a G2/M phase block. Western bolt results showed
that the expression of CDK1 and cyclinB1l (two key
genes involved in G2/M phase)were down-regulated
with prolongation of transfection, as compared with
untreated group and negative control group, which
correlated well with the FACS results mentioned
above (Figure 7B). Besides, ATM, CHK2 and P53,
factors related with cell cycle progression, were in-
creased obviously in comparison with control groups
(Figure 7C).

Figure 5. Detection of cell apoptosis after
silencing or over-expression of GINS2 in
HL60 cells respectively. A, FACS was carried out
48h after transfection with the indicated siRNA and
demonstrated that the percentage of apoptosis cells
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Figure 6. The expression of apoptosis related protein Bax and Bcl2. A, Western blotting analyzed the expression of BAX and BCL-2 after down-regulation of GINS2. B,
Western blotting detected the expression of BAX and BCL-2 after up-regulation of GINS2.
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Figure 7. Effects of cell cycle progression and correlative regulatory proteins after silencing of GINS2 in HL60. A, G2/M phrase arrest was confirmed by FACS in
psiGINS2-2 group. B, CDKI and Cyclin Bl were detected by Western blot respectively. (I, Negative control and 2, Untreated control; 3~6:24,48,72,96 h after down-regulation
of GINS2) C, ATM, CHK?2, P53 were measure by Western blot. (I, Untreated control, 2, Negative control, 3, psiGINS2-1 and 4, psiGINS2-2).

4. Discussion

To explore molecular mechanisms and thera-
peutic targets for leukemia, look for its special drug
interventions and inaugurate new approaches for
molecular diagnosis have been increasingly valued by
numerous scholars. GINS, a ring-like multiple protein
involving of PSF1, PSF2, PSF3, and SLD5, were ex-
tracted from budding yeast in 2003[12]. As a subunit
of GINS complexes, GINS2 mediate the interaction
between MCM complexes and Cdc45 at the initiation
of DNA replication in eukaryotic cells. Furthermore,

together with a series of receptors, growth factors and
some vital proteins, GINS2 is involved in the regula-
tion of cell cycle and proliferation [13]. Besides, recent
study has revealed that GINS2 is closely related to the
occurrence of genomic DNA damage in untransfor-
mation of human fibroblasts [14].

It has been well established by many researches
that each submit of GINS complexes express ubiqui-
tously in many tumor cells. PSF1 can be treated as a
target of estrogen and over-expression in breast can-
cer cell lines and tissues. Down-regulation of PSF1 led
to the reduction in growth of cancer cells but no effect
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on normal breast epithelial cells [15, 16, 17]. The ex-
pression of GINS2 increase significantly in intrahe-
patic cholangiocarcinoma cells [18]. Moreover, the
level of PSF3 expression is significantly higher than
that of surrounding normal tissues in malignant col-
orectal cancer. The growth of cancer cells is inhibited
and blocked in S phase process if PSF3 is silenced us-
ing RNA interference technology [19].While SIld5 and
PSF1 are highly expressed in melanoma and promote
its development and progress [20]. Although, the role
and function of GINS2 in other tumors are elucidated,
the mechanism of GINS2 related with onset and pro-
gress of acute promyelocytic leukemia the detailed is
unknown.

In our current study, we detected correlative
changes of proliferation and apoptosis of HL60 after
down-regulation or up-regulation of GINS2 respec-
tively. All these findings indicated that GINS2 could
promote HL-60 cells proliferation. We speculated that
process of GINS2 binding to chromosomes was
blocked at the early stage of DNA replication when
we performed to silence the expression of GINS2 us-
ing RNA interference technology.

In order to research the effect of GINS2 gene on
apoptosis of HL-60 cells, we detected the apopto-
sis-related gene expression level. Apoptosis is a kind
of programmed cell death controlling by a genetic
mechanism mainly activated by physiological or
pathologic factors. Regulatory genes of apoptosis in-
trinsic pathway are mostly composed of Bcl-2 family
which can be divided into apoptosis-inducing factors
(Bax, Bak, Bad, Bcl-Xs, Bid, Bik) and anti-apoptotic
factors (Bcl-2, Bel, XL, Bcl-W, Bfl-1) according to their
functions [21]. The ratio of Bax and Bcl2 is the key
factor to affect cell apoptosis [22, 23]. In this experi-
ment, we observed that up-regulation of GINS2 pro-
moted cell proliferation and inhibited apoptosis by
increasing the expression of Bcl2 and decreasing the
expression of Bax.

Aberrant cell cycle regulation is an important
connection in the malignant proliferation of tumor
cells. ATM, an ataxia capillary mutant protein of hu-
man, can activate cell cycle checkpoint when DNA
damage occurred. It can enhance the repair of dam-
aged DNA through modification of a variety of criti-
cal cell cycle regulation factors and apoptosis regu-
lating proteins [24]. P53 is an important tumor sup-
pressor protein usually lacking normal functions in
cancer cells which drives the tumorigenesis. In hem-
atopoietic system tumors, over-expression of P53 in-
duces apoptosis of blood corpuscles [25]. Besides,
CHK?2 is a critical cell cycle checkpoint kinase down-
stream when ATM induces G2/M arrests in eukary-
otic cells. Once damage factors activates ATM, acti-
vated CHK2 is triggered by phosphorylating Thr

residue (Thr68), in turn, enabled CHK2 lead to large
accumulation of P53 (phosphorylates at Ser15 site) in
the period of G2/M charging for ATM induced cell
cycle progression and cell apoptosis [26]. On the other
hand, the activated CHK?2 can also invoke CdC25C,
and indirect regulate the expression of CDK1 and
CyclinB1 [27].

For the purpose of further study on the changes
of relative regulatory factors of cell cycle after
down-regulating of GINS2, flow cytometry demon-
strated that cell cycles were blocked in G2/M phase.
In addition, related regulatory protein CDK1 and cy-
clinBl expression levels also confirmed this result.
Also, the level of cell cycle regulators ATM, CHK2,
P53 expression were increased significantly after
transfection of interference vectors. Collectively, these
data illuminated that various signal factors collabo-
rated GINS2 involved in the regulation of cell cycle
progression and shed light on a vital relationship
between block in G2/M period and DNA damage.
Thus, we speculated GINS2 played an important role
in the various signaling networks of occurrence and
development in APL.

Conclusion

We found that inhibition of GINS2 reduced acute
promyelocytic leukemia cells growth and increased
apoptotic cells. On the other hand, up-regulation of
GINS2 promoted cells proliferation. This new infor-
mation of GINS2 involved in tumor cell apoptosis, cell
cycle progression will be essential to identify a poten-
tial biomarker or treatment target that will have pre-
dict value in detection, therapy and predisposition of
acute promyelocytic leukemia.
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