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Abstract
To investigate the role of ACTL6A and its associated mechanisms in the differ-
entiation of human leukemia NB4 cells. NB4 cells were induced to differenti-
ate with ATRA, and Western blotting was performed to detect the expression
changes of ACTL6A and CD11b. ACTL6A was knocked down, and morpholog-
ical changes in NB4 cells were observed via Wright staining; Western blotting
was used to detect the expression changes of ACTL6A, CD11b, and related pro-
teins. Concurrent ACTL6A knockdown and ATRA treatment of NB4 cells were
carried out, and flow cytometry was employed to detect the positive rate of the
differentiation marker CD11b. Immunofluorescence was utilized to determine
the spatial localization of ACTL6A in NB4 cells. The results demonstrated that
CD11b protein expression was elevated following ACTL6A knockdown in NB4
cells; differentiation changes were observed by Wright staining; immunofluo-
rescence revealed that ACTL6A was predominantly localized in the nucleus;
Western blotting showed that the protein expression levels of Notch1, Hes1,
and Sox2 were significantly downregulated. This study indicates that ACTL6A
knockdown can promote the differentiation of human leukemia NB4 cells, and
the mechanism involves inhibition of the Notch1 signaling pathway.
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Abstract

This study investigated the role of ACTL6A in the differentiation of human
leukemia NB4 cells and its underlying mechanisms. We induced NB4 cell dif-
ferentiation using all-trans retinoic acid (ATRA) and monitored changes in
ACTL6A and CD11b expression levels via Western blotting. After knocking
down ACTL6A, we observed morphological changes in NB4 cells through Wright
staining and assessed expression levels of ACTL6A, CD11b, and related pro-
teins by Western blotting. We also treated ACTL6A-knockdown NB4 cells with
ATRA and measured the positive rate of the differentiation marker CD11b using
flow cytometry, while immunofluorescence was employed to determine the sub-
cellular localization of ACTL6A in NB4 cells. The results demonstrated that
ACTL6A knockdown led to elevated CD11b protein expression and morpho-
logical changes indicative of differentiation. Immunofluorescence revealed that
ACTL6A was predominantly localized in the nucleus, while Western blotting
showed significant downregulation of Notch1, Hes1, and Sox2 protein expres-
sion. These findings suggest that knockdown of ACTL6A promotes differentia-
tion of human leukemia NB4 cells, potentially through inhibition of the Notch1
signaling pathway.
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Introduction
Acute promyelocytic leukemia (APL) is a malignant neoplasm of the bone mar-
row classified as M3 in the internationally recognized FAB classification system
[1]. APL is characterized by the t(15;17) translocation resulting from chro-
mosome translocation between chromosomes 15 and 17 [2, 3]. Pharmacological
doses of all-trans retinoic acid (ATRA) induce clinical remission in APL patients
by promoting promyelocyte maturation and degradation of the PML/RAR𝛼 fu-
sion protein [4]. Nevertheless, ATRA does not eliminate malignant myeloid
clones in APL, and most relapsed APL patients develop resistance to further
treatment with this drug [5, 6]. Therefore, investigating the pathogenesis of
APL is critically important.

Granulocytic differentiation is an essential component of hematopoiesis con-
trolled by a complex network of various regulatory factors, including cytokines
[7], transcription factors [8], and non-coding RNAs [9]. Alterations in any of
these critical factors can lead to dysregulated differentiation and severe conse-
quences, including hematopoietic malignancies.

Actin-like 6A (ACTL6A), also widely known as BAF53a/Arp4/INO80K, is an
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ATP/SNF-dependent BAF chromatin remodeling complex member that en-
codes a group of actin-related proteins [10, 11]. Previous reports have shown
that ACTL6A participates in various cellular processes, including chromatin re-
modeling, transcriptional regulation, vesicular trafficking, and nuclear transfer
[12, 13]. Recent studies have demonstrated that ACTL6A is associated with
differentiation in multiple tumors and tissues, such as neural progenitor cell dif-
ferentiation [14] and differentiation in epidermal and squamous cell carcinomas
[15]. However, the role of ACTL6A in APL has not been reported. This study
primarily investigated the function of ACTL6A during APL differentiation and
its associated mechanisms.

Materials and Methods

1.1 Materials miR-302a mimic, lentivirus for ACTL6A knockdown, and neg-
ative controls were obtained from Shanghai GenePharma. The NB4 cell line was
obtained from our laboratory. RPMI 1640 medium (Gibco), fetal bovine serum
(Gemini), flow cytometry reagents for CD11b detection (Invitrogen), ACTL6A,
CD11b, and Notch1 antibodies (Abcam), Hes1 antibody (CST), 𝛽-Actin anti-
body (Wuhan Boster Bio), and secondary antibodies (Beijing Zhongshan Jin-
qiao) were used.

1.2 NB4 Cell Recovery and Culture Cryopreserved NB4 cells were recov-
ered and cultured in RPMI 1640 medium supplemented with 10% fetal bovine
serum and 1% penicillin-streptomycin at 37°C with 5% CO2. NB4 cells in log-
arithmic growth phase were used for all experiments.

1.3 Wright Staining NB4 cell suspensions were collected, washed three times
with ice-cold PBS, and resuspended in an appropriate volume of PBS. Five
microliters of cell suspension were evenly smeared onto glass slides to a diameter
of approximately 1 cm. After air drying, slides were stained with Wright’s stain,
dried, and examined under a microscope for cellular morphology.

1.4 Flow Cytometry Detection of CD11b Positive Rate ACTL6A-
knockdown NB4 cells and control NB4 cells were treated with ATRA for 72
hours. Cells were then collected, washed three times with ice-cold PBS, and re-
suspended in 100 �L of PBS. Five microliters of CD11b flow cytometry antibody
were added and incubated on ice in the dark for 30 minutes. After washing, NB4
cells were resuspended in PBS and analyzed by flow cytometry.

1.5 Immunofluorescence Detection of ACTL6A Distribution NB4 cell
suspensions treated with ATRA (1 �mol/L) for 72 hours and untreated control
cells were evenly smeared onto coverslips and air-dried. Cells were fixed with 4%
formaldehyde at room temperature for 22 minutes, washed three times with PBS,
and permeabilized with 0.1% Triton for 18 minutes. After blocking with 10%
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goat serum at room temperature for 30 minutes, cells were incubated with rabbit
anti-human ACTL6A monoclonal antibody (1:200) overnight at 4°C. TRITC-
labeled goat anti-rabbit IgG (1:200) was added and incubated at 37°C in the
dark for 1 hour. Following DAPI staining in the dark for 5 minutes, coverslips
were mounted with 70% glycerol and examined under a fluorescence microscope
to assess ACTL6A expression patterns.

1.6 Western Blotting Treated cells were collected, washed, and lysed to
extract total protein. After electrophoresis and membrane transfer, membranes
were incubated with primary antibodies at 4°C for 16–18 hours. Membranes
were washed with TBST and TBS, then incubated with secondary antibodies
at room temperature for 1.5 hours. Protein bands were visualized using ECL
chemiluminescence imaging.

1.7 Statistical Analysis All experimental data are presented as mean ±
standard deviation. Statistical analysis was performed using SPSS 17.0 software.
All experiments were repeated at least three times, and p < 0.05 was considered
statistically significant.

Results

2.1 ACTL6A Expression Is Downregulated During ATRA-Induced
NB4 Cell Differentiation NB4 cells were treated with ATRA (1 �mol/L)
for 72 hours, and changes in ACTL6A and CD11b expression levels were de-
tected by Western blotting. The results showed that ACTL6A expression was
downregulated during ATRA-induced NB4 cell differentiation [Figure 1: see
original paper].

2.2 Knockdown of ACTL6A Promotes NB4 Cell Differentiation Us-
ing lentivirus as a vector, we established an ACTL6A-knockdown NB4 cell line
and observed morphological changes through Wright staining. The results re-
vealed that ACTL6A knockdown induced morphological changes characteristic
of differentiation in NB4 cells [Figure 2: see original paper].

2.3 Knockdown of ACTL6A Enhances ATRA-Induced NB4 Cell Dif-
ferentiation After successfully establishing the ACTL6A-knockdown NB4
cell line, we treated both knockdown and control NB4 cells with ATRA (1
�mol/L) for 72 hours and measured changes in the differentiation marker CD11b
by flow cytometry. The results demonstrated that CD11b expression was el-
evated compared to the control group, indicating that ACTL6A knockdown
promotes ATRA-induced NB4 cell differentiation [Figure 3: see original paper].

2.4 Intracellular Localization of ACTL6A Following treatment of NB4
cells with ATRA (1 �mol/L) for 72 hours, the subcellular localization of ACTL6A
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was examined by immunofluorescence. The results showed that in NB4 cells,
ACTL6A was predominantly distributed in the nucleus with a small amount
in the cytoplasm. ATRA treatment did not alter the spatial localization of
ACTL6A but did downregulate its fluorescence intensity [Figure 4: see original
paper].

2.5 miR-302a Can Downregulate ACTL6A Expression We overex-
pressed miR-302a using a mimic and detected changes in ACTL6A and CD11b
expression levels by Western blotting. The results showed that miR-302a
overexpression decreased ACTL6A expression but did not significantly affect
CD11b levels [Figure 5: see original paper].

2.6 Knockdown of ACTL6A Inhibits Notch1 Signaling and Promotes
NB4 Cell Differentiation After establishing the ACTL6A-knockdown NB4
cell line, we examined expression levels of ACTL6A, CD11b, Notch1, and Hes1
by Western blotting. The results demonstrated that successful ACTL6A knock-
down led to decreased Notch1 signaling pathway activity and increased CD11b
expression [Figure 6: see original paper].

Discussion

APL is a malignant tumor of the bone marrow characterized by acute onset,
dangerous clinical course, and high early mortality. Although pharmacologi-
cal doses of ATRA can induce remission in APL patients, the side effects of
ATRA treatment remain inadequately addressed. Therefore, investigating the
pathogenesis of APL may provide better solutions and approaches.

ACTL6A is a multifunctional protein that functions as a transcriptional acti-
vator and repressor of specific genes through chromatin remodeling [16]. The
association between ACTL6A and certain diseases is manifested through its
abnormal regulation in various pathological conditions controlled by numerous
genes related to cell differentiation. However, the role of ACTL6A in APL
development and progression has not been previously reported.

Our study found that ACTL6A knockdown increased expression of the myeloid
differentiation marker CD11b and induced morphological changes characteris-
tic of differentiation as observed through Wright staining. Following ATRA
treatment, ACTL6A-knockdown NB4 cells exhibited more pronounced differ-
entiation compared to control cells. Additionally, we detected downregulation
of the Notch1 signaling pathway by Western blotting. We also analyzed the
distribution of ACTL6A in NB4 cells and found it was primarily localized in
the nucleus with minor cytoplasmic distribution. ATRA treatment did not al-
ter the spatial distribution pattern of ACTL6A, suggesting that ATRA-induced
differentiation may not be directly related to ACTL6A subcellular localization.
Notably, although miR-302a mimic did not cause CD11b elevation, its role in
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APL cell proliferation warrants further investigation. These results confirm that
knockdown of ACTL6A promotes APL differentiation, likely through the Notch1
signaling pathway.
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