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Abstract 

Nuclear localization signal retinoic acid receptor alpha(NLS-RARα), which forms from the 
cleavage of promyelocytic leukemia-retinoic acid receptor alpha(PML-RAR α ) protein by 
neutrophil elastase(NE), possesses an important role in the occurrence and development of acute 
promyelocytic leukemia(APL). However, the potential mechanism underlying the effects of 
NLS-RARα on APL is still not entirely clear. Here, we investigated the effects of NLS-RARα on 
APL NB4 cells and its mechanism. We found that all-trans retinoic acid(ATRA) could promote 
differentiation while inhibit proliferation of APL NB4 cells via upregulating the expression of 
phosphorylated p38α mitogen-activated protein kinase(p-p38α MAPK). We also found that 
NLS-RARα could inhibit differentiation while accelerate proliferation of NB4 cells via 
downregulating the expression of p-p38α protein in the presence of ATRA. Furthermore, 
immunofluorescence and co-immunoprecipitation assays confirmed NLS-RARα interacted with 
p38α protein directly. Finally, application of PD169316, an inhibitor of p38α protein, suggested that 
recruitment p38α-combinded NLS-RARα by ATRA eventually caused activation of p38α protein. 
In summary, our study demonstrated that ATRA cound promote differentiation while inhibit 
proliferation of APL NB4 cells via activating p38α protein after recruiting p38α-combinded 
NLS-RARα, while NLS-RARα could inhibit the effects of ATRA in the process. 

Key words: acute promyelocytic leukemia, NB4 cells, all-trans retinoic acid, nuclear localization signal retinoic 
acid receptor alpha, p38α MAPK. 

Introduction 
Acute promyelocytic leukemia (APL) is a normal 

type of acute myeloid leukemia (AML), in which 
leukemia cells possess the ability to infinitely 
proliferate. Moreover, cell differentiation in APL is 
suppressed at immature stages due to the fusion 
protein, PML-retinoic acid receptor 
alpha(PML-RARα)[1, 2], a strong transcriptional 
repressor for genes involved in granulocyte 
differentiation[3]. PML-RARα is formed by the 
chromosomal translocation of the RARα gene on 
chromosome 17 to the PML gene on chromosome 
15[4]. It has been found that neutrophil elastase (NE) 

in early APL cells can cleave PML-RARα into two 
mutational proteins, PML (NLS(-)) and nuclear 
localization signal NLS-RARα (Figure 1), which was 
significant for the development of APL[5, 6]. Previous 
researchers have studied the function of the 
mutational protein, NLS-RARα, and have verified 
that it can accelerate the proliferation of NB4 cells 
while inhibit differentiation of HL60 cells [7, 8]. 
Moreover, the function of NLS-RARα proved to be 
linked with Akt signaling pathway [8].  

MAPK family members and Akt signaling 
pathway played crucial roles in the clonal formation 
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of KG1a cells, which mimic a CD34+ cell model [9]. In 
addition to hematological tumors, researchers have 
found that p38 MAPK and Akt pathways played 
significant roles in myogenesis and muscle 
differentiation [10-12]. Furthermore, it has been 
demonstrated that transcription activity of RARα on 
target genes decreased when it directly interacted 
with p38α MAPK in the presence of ATRA [13], which 
is a drug used to treat APL [14].  

Thus, we speculated that the activity of p38α 
MAPK may influence the proliferation and 
differentiation of APL NB4 cells, and the effects of 
NLS-RARα on differentiation and proliferation of 
NB4 cells may be related to the activity of p38α MAPK. 
Then we explored the potential mechanism 
underlying the effects of NLS-RARα on NB4 cells. 

 

 
Figure 1. Identification of NE cleavage sites in PML-RARα[5].Arrows indicate the 
position of NE cleavage within the PML portion of PML-RARα, after V420 and V432. 
The approximate expected sizes of the peptide fragments generated by these cleavage 
events are shown. Several known domains in PML-RARα are labeled: cystine-rich 
RING/B Box domain(Cys Rich), helical coiled-coil domain(Coiled), nuclear 
localization signal(NLS), transcriptional activation domain(AF-2),DNA binding 
domain(DBD), and the ligand binding domain(LBD). 

 

Materials and Methods 
 Cell lines  

APL cell line NB4 cells, NB4 cells infected with 
lentivirus only(LV-NC-NB4 ) and NB4 cells infected 
with NLS-RARα-lentivirus(LV-NLS-RARα-NB4) cells 
were saved by our own laboratory, and cultured in 
RPMI-1640 medium supplemented with 10 % fetal 
bovine serum(FBS; Gibco, Australia) in an 
environment with 5 % CO2 at 37°C.  

293T cells were saved by our own laboratory and 
cultured in DMEM medium supplemented with 10 % 
fetal bovine serum (FBS; Gibco, USA) in an 
environment with 5 % CO2 at 37°C.  

 CCK-8 assay 
Cell proliferation was quantified by CCK-8 kit 

(7Sea Cell Counting Kit; Sevenseas Futai 
Biotechnology Co., Ltd.,Shanghai, China). Cells in 
each group were seeded in 96-well plates at a density 
of 5000 cells/well. Then cells were incubated with 
various of treatments for 3 days. In brief, 10μl of 
CCK-8 assay was added to each well followed by 

incubation for 1h at 37°C. The cell proliferation was 
assessed by detection of absorbance at 450 nm using a 
spectrophotometer. The optical density value is 
positive correction with cell proliferation. 

Western blot  
Cells in each group were washed with ice-cold 

phosphate-buffered saline (PBS) three times and lysed 
in RIPA solution containing protease inhibitor 
phenylmethanesulfonyl fluoride (PMSF), phosphatase 
inhibitor NaF and Na3VO3. Protein concentration 
was measured by BCA method. 50 μg total protein 
was added in 10% sodium dodecyl 
sulfate-polyacrylamide gel and then transfered to 
nitrocellulose membranes. The membranes were 
blocked with 5% non-fat milk for 1 hour and 
incubated with specific antibodies(polyclonal 
antibody against p-p38α MAPK; 1:1000; Millipore, 
USA; polyclonal antidoby against p38α MAPK, 
HA-Tag; 1:1000; CST, USA; monoclonal antibody 
against Myc-Tag; 1:1000; CST, USA; polyclonal 
antibody against RARα; 1:1000; Santa Cruz, USA; 
polyclonal antibody against C/EBPβ, CD11b; 1:500; 
Wanleibio; China) overnight at 4 °C and then with 
secondary antibody(goat anti-rabbit antibody, 1:5000 
and goat anti-mouse antibody, 1:2000; Zhongshan 
Goldenbridge Biotechnology Co. Ltd., Beijing, China) 
for 1 h at 37 °C. After washing with Tris-Buffered 
Saline Tween-20 and Tris-Buffered Saline (TBST and 
TBS), the autoradiograms were scanned and subjected 
to densitometry. β-actin (monoclonal antibody against 
β-actin, 1:1000; Zhongshan Goldenbridge 
Biotechnology Co. Ltd.,Beijing, China) was used as an 
internal control. 

Construction of eukaryotic expression vectors 
of pCMV-Myc-p38α and LV-NLS-RARα  

Primer sequences of p38α(forward: TAA 
CTCGAG TAA TGT CTC AG G AGA GGC CCA 
CGT; reverse: TAT TAA GCGGCCGC TCA GGA CTC 
CAT CTC TTC TTGG) were designed by 
Primer-Premier 5.0 and synthesized by Sangon 
Biotech company. Underlined sequences are 
Restriction Enzyme cutting sequences (Xho1; Not1). 
cDNAs synthesized from RNA which was extracted 
from APL NB4 cells were used as PCR(Polymerase 
Chain Reaction) templates. Reaction system 
components: PrimeSTARTMHS(Premix)(TaKaRa, 
Japan), cDNAs, primers of p38α and ddH2O. The PCR 
conditions were: pre-denaturation at 95°C for 5 min, 
29 cycles of denaturation at 98 °C for 10 s, annealing at 
68.8 °C for 30 s, and extension at 72 °C for 80s, and a 
final extension at 72 °C for 5 min. PCR product was 
CDS of p38α with 1083 bp. Purified products with 
E.Z.N.A Gel Extraction kit(OMEGA, USA), digested 
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products and pCMV-Myc vector with Restriction 
Enzyme Xho1 and Not1(Xho1, Xho1; NEB, England), 
connected products of p38α to vector with T4 DNA 
ligase (TaKaRa,, Japan). Then transformated 
connected products into competence DH5α and 
amplified by bacteria culture. After sequences were 
proved accurate, Q-PCR (quantitative polymerase 
chain reaction) and western blot verified 
pCMV-Myc-p38α MAPK expression plasmid. 

Construction of LV-NLS-RARα was as described 
[8]. 

Co-immunoprecipitation assay 
 The binding activity of proteins was determined 

by co-immunoprecipitation (Co-IP) assay. For this 
study, total cell lysates were incubated with the 
desired antibodies for 16 h at 4 °C and the 
immuno-complex was collected on Protein A/G 
PLUS-Agarose(Santa Cruz, USA) for 5 h and washed 
3 times with lysis buffer prior to boiling in SDS 
sample buffer. Immunoprecipitated proteins were 
separated on SDS-polyacrylamide gels and 
transferred to nitrocellulose membranes for Western 
blot analysis.  

 Indirect immunofluorescence assay 
The localization between p38α protein and 

NLS-RARα was confirmed by indirect 
immunofluorescence assay. LV-NLS-RARα-NB4 cells 
suspension were collected, centrifuged and washed 
by PBS for three times. Cells on glass coverslips were 
fixed with 4% paraformaldehyde for 20 minutes. 
Subsequently, cells were permeabilized and blocked 
respectively with 0.1% Triton X-100(in PBS) and 10% 
goat serum (in PBS) for 30 minutes at room 
temperature. For immunofluorescence staining, the 
rabbit polyclonal antibody against p38α protein, 
mouse monoclonal antibody against HA-tag(p38α, 
HA-tag; 1:100; CST, USA) were used to probe p38α 
protein and NLS-RARα(as NLS-RARα was inserted to 
eukaryotic expression vector of pCMV-HA) overnight 
at 4 °C and goat against rabbit-IgG-TRITC, goat 
against mouse-IgG-FITC(rabbit-IgG-TRITC, 
mouse-IgG-FITC; 1:200; Zhongshan Goldenbridge 
Biotechnology Co. Ltd., Beijing, China) was used to 
detect rabbit and mouse IgG for 1 h at room 
temperature. Finally, nuclei were stained by DAPI 
(Beyotime; 1:10) at room temperature for 5 min. All 
the coverslips were washed with PBS for three times. 
The coverslips were immobilized on the glass slides 
by 70% glycerol in PBS and viewed under a 
fluorescence microscope (Nikon, Tokyo, Japan). 

 Dual luciferase reporter assay 
293T cells were transiently transfected with 

0.4μg pTK-Luc reporter plasmids, 0.01μg 

pRLtk(Promega), and 0.3μg expression vectors per 
well of 24 wells plate when cell confluence was about 
70%. Cells were cultured in medium containing 10% 
FBS for 6 hours and then the medium was replaced. 
After 24 h of transfection (LipoFiterTM Liposomal 
Transfection Reagent; HANBIO, China), cells were 
treated for a further 24 h with 10 nM ATRA, then cells 
were lysed and normalized luciferase activities were 
determined. 

Statistical analysis 
All the data were presented as the mean ± SD. 

Student’s t-test was applied for the statistical analysis 
of three independent groups by GraphPad Prism 5 
software. For all tests, *p < 0.05 or **p < 0.01 was 
considered statistically significant. NS was considered 
no statistically significant. 

Results 
Promotion of differentiation while suppression 
of proliferation of NB4 cells correlated with 
the activation of p38α protein by ATRA  

It has been shown that ATRA inhibits 
differentiation of APL cells while accelerate their 
proliferation. Moreover, the effects of ATRA have 
been correlated with activation of p38α MAPK [13, 15, 
16]. To verify this, and to discover an ATRA 
concentration that is related to both the biological 
function(differentiation and proliferation) and the 
activity of p38α protein in NB4 cells, we first 
examined the expressions of p-p38α and p38α 
proteins after treating NB4 cells with ATRA 
(physiological concentration: 10 nM and 
pharmacological concentration: 1 µM) for 3 days. We 
found that the expression of p38α protein was 
maintained, regardless of ATRA treatment. However, 
the expression of p-p38α protein increased obviously 
in the experimental group compared to the negative 
control (dimethylsulfoxide(DMSO)-treated) group, 
especially when cells were treated with 10 nM ATRA 
(Figure 2A and 2B). We further determined the 
expressions of C/EBPβ, a myeloid differentiation 
marker protein [17, 18], and CD11b, a surface myeloid 
differentiation marker protein [13, 19, 20]. We found 
that the expressions of C/EBPβ and CD11b proteins 
were significantly increased after treating NB4 cells 
with ATRA (Figure 2A, 2C, and 2D). Moreover, 
changing trend of C/EBPβ protein paralleled that of 
p-p38α protein. Based on the above results, we 
surmised that the differentiation of NB4 cells related 
to the activity of p38α protein. Next, we determined 
NB4 cell proliferation with cell counting kit and 
observed morphological characteristics with an 
inverted microscope (Figure 2E and 2F). As expected, 



Int. J. Med. Sci. 2016, Vol. 13 

 
http://www.medsci.org 

614 

both concentrations of ATRA inhibited NB4 cell 
proliferation. Taken together, the above results 
suggested that not only the differentiation but also the 
proliferation of NB4 cells correlated with the 
activation of p38α protein by ATRA. 

Promotion of cell differentiation while 
suppression of cell proliferation resulted from 
activation of p38α protein by ATRA  

We have known that RARα could regulate the 
expressions of genes involved in cell differentiation 
and proliferation after binding to retinoid-responsive 
elements (RARE) in genes [21, 22, 24-26]. However, 
p38α protein can interact with RARα directly to 

inhibit the transcriptional activity of RARα in the 
presence of ATRA [13]. Thus, we speculated that p38α 
protein could regulate the expressions of genes 
involved in cell differentiation and proliferation 
similar to RARα. We first constructed a eukaryotic 
expression plasmid of pCMV-Myc-p38α and tested 
the availability of the retinoid-responsive reporter 
plasmid, pTK-Luc, offered by Professor Dmitrii 
Kamashev and his partners in France [23]. The 
eukaryotic expression plasmid of pCMV-Myc-p38α 
was successfully constructed (Figure 3A-3B) and 
pTK-Luc plasmid was proved to be available (Figure 
3C).  

 

 
Figure 2. Promotion of differentiation while suppression of proliferation of NB4 cells correlated with the activation of p38α protein by ATRA. (A) Western blot analysis of the 
expressions of p38α, p-p38α, differentiation makers, C/EBPβ and CD11b, in NB4 cells cultured with ATRA for 3 days; (B-D) Quantitative analysis of the expression levels of 
p-p38α/p38α, C/EBPβ, CD11b after normalization with β-actin; (E) NB4 cells were treated with ATRA for 3 days. Then the optical density value at 450nm(OD450) was 
measured by CCK-8 assay; (F) NB4 cells were treated with ATRA for 3 days. Then Observed morphological characteristics using an inverted microscope. All data are presented 
as mean±SD. * p < 0.05, ** p < 0.01. (1: blank group(non-manipulated); 2: negative group(dimethylsulfoxide(DMSO)-treated); 3: experimental group treated with 10 nM ATRA; 
4: experimental group treated with 1 µM ATRA)  
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Figure 3. Promotion of cell differentiation while suppression of cell proliferation resulted from activation of p38α protein by ATRA. (A) PCR combined with restriction enzyme 
digestion analysis of p38α gene; (B) RT-qPCR and Western blot analysis of the expression of Myc-tagged p38α gene; (C, D, E) 293T cells were transfected with pCMV-Myc-p38α 
or pCMV-Myc plasmids(0.3μg), retinoid-responsive reporter plasmid, pTK-Luc(0.4μg), and pRLtk plasmids(0.01μg). 24 hours later, cells were treated with 10 nM ATRA or 
vehicle for another 24 hours. Then cells were lysed and normalized luciferase activities were determined. All data were presented as mean±SD. * p<0.05, ** p < 0.01, NS: not 
statistical significant. (KB group: 293T cells were non-manipulated, NC group: 293T cells were transfected with pCMV-Myc plasmids, T group: 293T cells were transfected with 
pCMV-Myc-p38α plasmid). 

 
Next, We co-transfected 293T cells with plasmids 

and then treated cells with ATRA or vehicle. As 
expected, changes of luciferase activity in two groups 
had no statistical significance when cells treated with 
vehicle (Figure 3D). However, when cells treated with 
ATRA, luciferase activity and the expression of 
p-p38α protein remarkably increased compared to the 
negative control group (Figure 3E). It suggested that 
promotion of cell differentiation while suppression of 
cell proliferation resulted from activation of p38α 
protein rather than resulted in activation of p38α 
protein.  

ATRA application led to NLS-RARα-induced 
differential inhibition while accelerated 
proliferation of NB4 cells via down regulating 
p-p38α protein level 

We next explored the effects of NLS-RARα on 
NB4 cells and its underlying mechanism. First, we 
established an early APL cell model through 
lentivirus-mediated overexpression of NLS-RARα in 
NB4 cells (Figure 4A). Then, Western blot detected the 

expressions of various proteins. Compared to the 
negative control group, the expressions of p38α and 
p-p38α proteins maintained (Figure 4B, 4D), while the 
expressions of differentiation markers, C/EBPβ and 
CD11b decreased (Figure 4C, 4E-4F). We have 
observed that the effects of p-p38α protein on 
differentiation and proliferation of NB4 cells were 
related to ATRA. Thus, we next detected the 
expressions of various proteins and cell proliferation 
after treating cells with 10 nM ATRA for 3 days. 
Compared to the negative control group, the 
expressions of p-p38α, C/EBPβ, and CD11b proteins 
decreased while the expression of p38α protein 
maintained (Figure 4B). Cell proliferation accelerated 
when compared to the negative control group (Figure 
4G). These data suggested that NLS-RARα could 
inhibit differentiation while accelerate proliferation of 
NB4 cells via down regulating p-p38α protein level in 
the presence of ATRA. These data also implied that 
NLS-RARα could inhibit differentiation of NB4 cells 
via an alternative pathway in the absence of ATRA. 
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Figure 4. ATRA application led to NLS-RARα-induced differential inhibition while accelerated proliferation of NB4 cells via down regulating p-p38α protein level. (A)Western 
blot analysis of the overexpression of NLS-RARα in NB4 cells; (B, C) Western blot analysis the expressions of p38α, p-p38α, C/EBPβ and CD11b proteins in NB4 cells after 
treating cells with/without 10 nM ATRA for 3 days; (D-F) Quantitative analysis of the expression levels of p-p38α/p38α, C/EBPβ, CD11b proteins after normalization with β-actin; 
(G) NB4 cells were treated with 10 nM ATRA for 3 days. Then the optical density value at 450nm(OD450) was measured by CCK-8 assay. All data are presented as mean±SD. 
* p < 0.05, p < 0.01.(blank group: non-manipulated, negative control group: lentivirus only). 

 

Downregulation of p-p38α protein level may 
be induced by a direct interaction between 
NLS-RARα and p38α protein 

To investigate the underlying mechanism by 
which NLS-RARα induced downregulation of p-p38
α  protein level, we carried out an indirect 
immunofluorescence assay. As shown in Figure 5A, 
cells appeared yellow, indicating NLS-RARα (green) 
merged with p38α protein (red). These findings 
suggested close localization of NLS-RARα and p38α 
protein in three-dimensional space. However, this 
assay couldn’t distinguish whether it’s indirect or 
direct interaction between them. Therefore, we 
performed a co-immunoprecipitation experiment in 
293T cells. Immunoprecipitation with an anti-RARα 
antibody resulted in co-precipitation of p38α protein 
(Myc-tagged) only in cells that overexpressed both 
proteins (Figure 5C). This interaction was confirmed 

when NLS-RARα (HA-tagged) instead of p38α 
protein, was co-immunoprecipitated in 
complementary experiments (Figure 5D).  

Recruitment p38α-combinded NLS-RARα by 
ATRA eventually caused activation of p38α 
protein 

We have demonstrated that ATRA could 
promote differentiation while inhibit proliferation of 
NB4 cells via activating p38α protein. We also found 
NLS-RARα could inhibit those effects of ATRA by 
interacting with p38α protein directly. However, it is 
faint ATRA directly activates p38α protein and then 
recruits NLS-RARα or recruitment p38α-combinded 
NLS-RARα by ATRA eventually causes activation of 
p38α protein. In order to clarify this question, we 
investigated the effects of an inhibitor of p38 protein, 
PD169316 (MCE, USA). We found that PD169316 (10 
μM) inhibited the effects of ATRA on 
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NLS-RARα-overexpressed NB4 cells incluing an 
increase of the expressions of p-p38α, C/EBPβ and 
CD11b(Figure 6A). It also inhibited the effect of ATRA 
on NLS-RARα-overexpressed NB4 cell proliferation 
(Figure 6B). However, it didn’t change the effect of 
ATAR on the expression of NLS-RARα in 
NLS-RARα-overexpressed NB4 cells (Figure 6A). 
Moreover, PD169316 (10 μM) couldn’t block the direct 

interaction between NLS-RARα and p38α protein 
(Figure 6C). Taken together, it suggested that direct 
interaction between NLS-RARα and p38α protein was 
naturally existed in cells no matter whether p38α 
protein was activated or not. Taking this one step 
further, ATRA recruited p38α-combinded NLS-RARα 
then caused activation of p38α protein.  

 

 
Figure 5. Downregulation of p-p38α protein level may be induced by a direct interaction between NLS-RARα and p38α protein. (A) Immunofluorescence microscopy of 
NLS-RARα staining with FITC(green) and p38α protein staining with TRITC(red) in NLS-RARα-overexpressed NB4 cells; (B, C) NLS-RARα was immunoprecipitated by 
anti-RARα, p38α protein(Myc-tagged) was detected by Western blot; (D) p38α was immunoprecipitated by anti-Myc, NLS-RARα (HA-tagged) was detected by Western blot. 
IgG was used as control antibody. The overexpressions of p38α protein and NLS-RARα(input) were determineded with Western blot analysis. 

 
Figure 6. Recruitment p38α-combinded NLS-RARα by ATRA eventually caused activation of p38α protein. (A) Western blot analysis of the expressions of p38α, p-p38α, 
NLS-RARα, C/EBPβ and CD11b proteins in cultured NLS-RARα-overexpressed NB4 cells after dealing cells with various treatments for 3 days. (B) The proliferation of 
NLS-RARα-overexpressed NB4 cells in different groups was determined with CCK-8 Kit. (C) NLS-RARα(HA-tagged) was co-immunoprecipitated by anti-Myc in different 
groups. (D) The expressions of p38α protein(Myc-tagged) and p-p38α protein in different groups. All data are presented as mean±SD. * p < 0.05. (1: negative 
group(DMSO-treated); 2: experimental group treated with 10 nM ATRA; 3: experimental group treated with 10 nM ATRA+10 μM PD169316) 
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 Discussion 
APL is a characteristic type of AML that 

originates from stem cells in the hematopoietic system 
of a clonal malignant disease. It is characterized by an 
unusually aggressive clinical course [27]. In our 
previous study, we have found that NLS-RARα and 
PML (NLS(-)) resulting from NE-induced PML-RARα 
cleavage could accelerate APL[7, 8, 28]. In this study, 
we further investigated the effects of NLS-RARα on 
NB4 cells and its potential mechanism. 

ATRA is an accepted therapeutic drug for APL 
because it can promote cell differentiation while 
inhibit cell proliferation. Moreover, the effects of 
ATRA have been correlated with activation of p38α 
MAPK [13, 15, 16]. Here, we found that ATRA could 
promote differentiation while inhibit proliferation of 
NB4 cells via up-regulating the expression of p-p38α 
protein rather than the expression of p38α protein 
(Figure 2, 3). However, it didn’t mean the more 
p-p38α protein expressed, the better for NB4 cells, 
since we observed a higher expression of CD11b 
protein and more effective inhibition on cell 
proliferation while lower expression of p-p38α 
protein when NB4 cells were treated with1 µM 
ATRA(Figure 2). Furthermore, dual luciferase 
reporter assay suggested that p-p38α protein has 
transcriptional activity (Figure 3). Interestingly, it has 
been reported that p38α protein could interact with 
RARα directly then inhibit transcriptional activity of 
RARα in the presence of ATRA [13]. So we thought, 
p-p38α protein may likely compete with RARα for 
retinoid-responsive element. 

In this study, we also revealed that NLS-RARα 
could inhibit differentiation while accelerate 
proliferation of NB4 cells via down regulating the 
expression of p-p38α protein in the presence of ATRA 
(Figure 4). Moreover, NLS-RARα could interact with 
p38α protein directly independent of ATRA (Figure 
5). Those suggested that the underlyng mechanism of 
the effects of NLS-RARα on NB4 cells may be that 
ATRA recruited p38α-combinded NLS-RARα and 
then activated p38α protein while p38α-combinded 
NLS-RARα inhibited the effects of ATRA in the 
process (Figure 6). Thus, we supposed that patients 
with APL who are sensitive to ATRA may experience 
accelerated APL due to an NLS-RARα-induced 
downregulation of p-p38α protein, while NLS-RARα 
could promote APL progression by another pathway 
(e.g., Akt pathway) in patients with APL who are 
resistant to ATRA. However, it is unclear why there 
was a consistent variation between the expressions of 
C/EBPβ and p- p38α protein, even though both 
myeloid differentiation marker proteins, C/EBPβ and 
CD11b, increased after dealing NB4 cells with ATRA 

(Figure 2). Moreover, pathogenesis of APL is still 
needed to be explored through experiments 
conducting in ATRA resistant APL cell lines, animal 
models of APL, and clinical samples. 
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