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Previous studies have firmly demonstrated that wogonin, a
naturally occurring monoflavonoid extracted from the root of the
Chinese herb medicine Scutellaria baicalensis, could effectively
inhibit the proliferation of several cancer cell lines. However, little
is known about the effect of wogonin on differentiation induction
of leukemic cells. Here we investigate the potential role of wogonin
in the proliferation and differentiation of NB4, a human promyelocytic
leukemia cell line derived from a patient with acute promyelocytic
leukemia. Our results indicated that wogonin significantly suppressed
the proliferation and efficiently induced the differentiation of NB4
cells. NB4 cell growth was inhibited by 55–60% after treatment with
50 μμμμM wogonin for a period of 5 days. The results of the nitroblue
tetrazolium (NBT) reduction test (with 67.13% positive cells by
50 μμμμM wogonin for 5 days), Giemsa staining (with 67.24% positive
cells by 50 μμμμM wogonin for 5 days), and the expression of mature-
related cell-surface differentiation antigens CD11b and CD14 (with
70.94% CD11b+ and 5.82% CD14+ cells by 50 μμμμM wogonin for 5 days)
demonstrated an increase in the differentiation-inducing action of
wogonin on the NB4 cells, which was accompanied by an increase
in mRNA and protein expression of phospholipids scramblase 1
(PLSCR1). Meanwhile, the level of phosphorylated PKCδδδδ (Ser643)
was dramatically increased in wogonin treated NB4 cells.
Interestingly, wogonin treatment displayed little effect on the
apoptosis of NB4 cells. Taken together, the results reported here
demonstrated that wogonin could promote the granulocytic
differentiation of NB4 cells by up-regulating the expression of
PLSCR1 gene. (Cancer Sci 2008; 99: 689–695)

Wogonin (Fig. 1) is a naturally occurring monoflavonoid
isolated from Scutellaria baicalensis radix, a traditional

Chinese herbal medicine widely used in the treatment of
inflammatory diseases including atopic dermatitis, hyperlipemia,
and atherosclerosis.(1,2) More recently, it has been reported that
wogonin has diverse biological activities including antioxidant,(3)

anti-inflammatory,(4) antithrombotic,(5) antiproliferative,(6) and
anticancer activities.(7–9) However, the potential effect of
wogonin on the differentiation of leukemia cells has not yet
been explored. In this report, we investigated the differentiation-
inducing effect of wogonin using NB4 cells, a human
promyelocytic leukemia cell line derived from a patient with
acute promyelocytic leukemia (APL).

APL is characterized by the presence of a PML/RARα fusion
protein in the transformed cells.(10,11) The PML/RARα fusion
protein blocks myeloid differentiation,(12) and is the first model
of a malignant disease treated with differentiation agents. The
NB4 cell line carried the t(15;17) translocation resulting in the
joining of the promyelocytic leukemia-associated protein (PML)
oncogene to the gene encoding the retinoic acid receptor-α
(RARα).(13,14) It has been shown that the fusion gene plays a
central role in leukemogenesis in APL and the presence of the

PML/RARα fusion protein disrupts the normal location of the
PML nuclear body and interferes with the function of PML for
growth inhibition.(14) Previous studies have also demonstrated
that NB4 cell line could be differentiated along granulocytic or
monocyte/macrophage pathway by various differentiation inducers,
providing an excellent model for studying cell differentiation.(13,15,16)

Although many differentiation inducers have been identified,
such as all-trans retinoic acid (ATRA), 1,25(OH)2D3, phorbol
12-myristate 13-acetate (PMA), and dimethyl sulfoxide
(DMSO),(17,18) the exact mechanism for the differentiation of
leukemic cells remains unclear. Furthermore, few of the known
differentiation inducers have been conclusively proven to dis-
play clinical efficacy because of their in vivo instability or
severe adverse reactions. Therefore, it is necessary to search for
other safer alternatives, such as wogonin, that display similar or
better efficacy but with reduced side-effects.

The latest studies about differentiation induction provide
strong evidence that phospholipids scramblase 1 (PLSCR1)
plays a potential role in cell maturation.(19–22) It has been shown
that ATRA- and PMA-induced APL cell maturation is accompanied
by an elevation of PLSCR1 expression.(23)

In this study, we investigated the effects of wogonin-induced
differentiation of NB4 cells in order to find the potential
therapeutic function of wogonin in APL. The results of Giemsa
staining, nitroblue tetrazolium (NBT) reduction, and cell-
surface differentiation antigen CD11b/CD14 measurement
indicated that wogonin could prime the differentiation of NB4
cells along the granulocytic pathway. Our results also demonstrated
that wogonin effectively induced the differentiation of NB4 cells
due to increased expression of PLSCR1 in this cell line.

Materials and Methods

Chemicals and antibodies. Wogonin was isolated from Scutellaria
baicalensis radix according to the procedure reported previously.(24,25)

Preparations containing 90% or higher pure wogonin were used
in all experiments. Stock solutions of wogonin were prepared by
dissolving the compound in 95% ethanol at 30 mmol and were
kept at –20°C until needed. Final concentrations of ethanol have
been found to have no effect on differentiation or cell growth.
All-trans retinoic acid (ATRA, used as positive control), phorbol
12-myristate 13-acetate (PMA), NBT, Giemsa stain, and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were all purchased from Sigma-Aldrich (St. Louis, MO, USA).
Stock solutions of ATRA were prepared in DMSO at 10 mmol
and stored at –20°C wrapped with aluminum foil to avoid direct
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light irradiation. RPMI 1640 medium and heat-inactivated fetal
bovine serum (FBS) were purchased from Gibco/invitrogen
(Shanghai, China). Phycoerythrin (PE) antihuman CD11b (Cat.
No.12–0118; Mouse IgG, K), and fluorescein-isothiocyanate
(FITC) antihuman CD14 (Cat. No.11-0149; Mouse IgG, K) antibodies
were obtained from eBioscience (San Diego, CA, USA). PLSCR1
siRNA (h) (sc-44028) and antibodies of anti-PLSCR1 (sc-27779;
goat polyclonal) and anti-α-actin (sc-1616; goat polyclonal)
were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). IRDye 800 conjugated antigoat second antibody was
obtained from Rockland (Gilbertsville, PA, USA).

Cell culture. All cell lines used in this study were maintained
in RPMI 1640 medium supplemented with 10% heat-inactivated
FBS. The cells were cultured at 37°C in a humidified atmosphere
containing 5% CO2 till mid-log phase. Cells were harvested by
centrifugation at 250 × g for 5 min and resuspended in RPMI-
1640 to make a stock cell suspension containing 6.5 × 104 cells/
mL. Aliquots of the cell stock were subsequently seeded into
a six-well plate or plastic incubating flask and treated with
the various concentrations of wogonin and ATRA (during the
treatment, cell viability was at least 90% by trypan-blue
exclusion assay). Stock solutions of wogonin and ATRA were
added to the culture medium to the final concentration indicated
in each experiment. The final concentration of DMSO in the
culture medium was maintained below 0.01% and was found to
have no effect on the differentiation or the rate of cell division.(26)

Cell growth and MTT assays. Cells (6.5 × 104) were suspended
in 4 mL of culture medium and cultured with or without
wogonin in the six-well plate. Cell numbers were counted with
a cell counting chamber (Qiujing, Shanghai, China) and
microscope (YS100; Nikon, Ibaraki, Japan) after culturing for
the indicated durations. The proliferation of NB4 cells was
determined by MTT assay also. Briefly, the cells (6.5 × 104)
were seeded in each well, which contained 80 μL of the RPMI
1640 medium supplemented with 10% FBS in a 96-well flat
bottom plate (Corning, New York, NY, USA) and then 20 μL of
various concentrations of wogonin were added. After 5 days,
20 μL of MTT (5 mg/mL stock solution) was added and the
cells were incubated for additional 4 h at 37°C. Then the plate
was centrifuged at 420g for 5 min at 4°C. The supernatant was
discarded and the blue deposit-formazan formed in the cells was
dissolved with 100 μL DMSO. The optical density was measured
at 570 nm.(27,28)

Giemsa staining. For morphological observation, cells were
collected on the slides, dried and fixed in methanol for 10 min,
and stained with Giemsa stain for 15 min at a pH of 7.0.(29,30)

The cells were then observed by light microscope (YS100;
Nikon, Ibaraki, Japan). The images were captured with Nikon
Coolpix 4500 digital camera.

NBT colorimetry differentiation assay. NBT colorimetry was
performed for functional examination of the differentiated
cells.(31–34) Briefly, cells were incubated in a 96-well flat bottom
plate for 5 days. Then cells were resuspended in 100 μL RPMI-
1640 medium containing 2 mg/mL of NBT and 500 μg/mL of
PMA. After incubation at 37°C for 2 h, the cells were pelleted
and resolved in 100 μL DMSO, and their absorbance at 570 nm
was determined. A parallel MTT plate was prepared as control
at the same time.

Maturation -related cell-surface differentiation antigens expression
assay. Two differentiation antigen were measured by flow
cytometry (Becton Dickinson, Franklin Lakes, NJ, USA) with a
direct immunofluorescence analysis method as previously
described.(35,36) Briefly, cells were collected, washed, and incubated
with monoclonal mouse antihuman PE-labeled anti-CD11b and
FITC-labeled anti-CD14 for 30 min at 37°C. Fluorescence
intensity was analyzed by flow cytometry. Data were based on
examination of 10 000 cells/sample selected randomly from
5 × 105 cells.

Semiquantitative reverse transcription–polymerase chain reaction
(RT-PCR) for PLSCR1 mRNA. Total RNA was isolated by Tripure
Isolation Reagent (Roche Diagnostic, Nutley, NJ, USA) and
reverse transcription (RT) was performed by Promega M-MLV
Reverse Transcriptase with its suitable reaction system (Promega,
Madison, WI, USA) following the manufacturer’s instructions.
PCR reactions to amplify PLSCR1 first described by Sims et al.(37)

and glyceraldehydes-3-phosphate dehydrogenase (GAPDH ) cDNA
were performed using the Eppendorf Mastercycler (Eppendorf,
Hamburg, Germany) with specific primers for PLSCR1 (sense
primer, 5′-CAG CCT CCA TTA AAC TGT CC-3′; antisense
primer, 5′-TCT TAG TGG TCT CTC CAG AG-3′), and for
GAPDH (sense primer, 5′-TGA AGG TCG GAG TCA ACG
GAT TTG G-3′; antisense primer, 5′-ATG TGG GCC ATG AGG
TCC ACC AC-3′).(23) PCR consisted of 28 cycles with
denaturing at 95°C for 45 s, annealing at 55°C for 45 s, and
extension at 72°C for 60 s. Amplification cycles were preceded
by a denaturation step (95°C for 5 min) followed by an
elongation step (72°C for 10 min). After amplification, PCR
products were analyzed with a 1% agarose gel, and the signal
intensities of amplified PLSCR1 fragments were analyzed with
the Syngene Bio Imaging System and normalized against
983-bp GAPDH using the GeneGenius gel documentation
and analysis system (Gene Tools Analysis version 3.03.03;
SynGene, Cambridge, UK).

Western blot. Cells were harvested and washed with ice-cold
phosphate-buffered saline (PBS), and lyzed with ice-cold lysis
buffer (50 mmol Tris[tris(hydroxymethyl) aminomethane]–HCl
(pH 8.0), 150 mmol NaCl, 0.1% wt/vol sodium dodecyl sulfate
(SDS), 1% non-idet P-40, 0.5% Sodium deoxycholate, and
protease inhibitor aprotinin and PMSF) on ice for 30 min. Cell
lysates were centrifuged at 10 600g for 10 min at 4°C and protein
in the supernatants was quantified. Protein extracts were equally
loaded on 15% SDS-polyacrylamide gel and electrophoretically
transferred to nitrocellulose membranes (BioTrace NT; PallCor,
Ann Arbor, MI, USA). After blocking with 10%-non-fat milk in
PBS for 1 h at 37°C, the membranes were incubated for 2 h with
monoclonal antihuman PLSCR1 antibody (1 : 800), rabbit
polyclonal antiphospho-PKCδ (Ser643) (Cell Signaling, Beverly,
MA, USA), and rabbit polyclonal anti-PKCδ antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), in PBS-T (PBS
and 0.1% Tween 20) at 37°C followed by IRDye 800 conjugated
secondary antibody for 1 h at 37°C. Detection was performed by
the Odyssey Infrared Imaging System (LI-COR, Lincoln, NE,
USA). All blots were stripped and reprobed with polyclonal
anti-α-actin antibody to ascertain equal loading of protein.

RNA Interference of PLSCR1. PLSCR1 siRNA (h) was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA) and
was used following the instructions provided by the vendor.

Fig. 1. Molecular structure of wogonin.
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This product contains a pool of three 19-mer oligonucleotides
with the following sequences specific to PLSCR1 mRNA
target: P1, CCAAAUCAGCCAGUGUAUA (location 446); P2,
CUGUCCACCUGGAUUAGAA (location 538); and P3,
GUAGUGGAUUAGUGAAAGU (location 1210).

For transfection experiments, cells were treated with medium
in the absence of serum for 4 h. Meanwhile, solution A (4.4 μL
siRNA, 550 μL medium without serum) and solution B (11 μL
liposome, 550 μL medium without serum) were prepared. After
standing at room temperature for 5 min, solution A was added
drop-wise into solution B with gentle shaking after addition of
each drop. The reaction mixture was allowed to stand at room
temperature for 20 min; 1.3 mL of cell suspension and 500 μL
mixture of solution A and solution B were added to each well in
the six-well plate. After gently shaking, the mixture was incubated
at 37°C for 3 h before centrifugation at 153g for 6 min. After
decanting the supernatant, cell medium with was were added to
sediment and the mixture was incubated overnight (18–24 h).
The mixture was then centrifuged at 153g for 6 min. The super-
natant was discarded and 2 mL medium containing drugs was
added to the cell pellet. This mixture was further incubated at
37°C for 3 days. The cells were then harvested and tested by
flow cytometry.

Results

Effects of wogonin on the growth of human promyelocytic NB4
leukemia cells. Human promyelocytic leukemia cell line NB4
was cultured in the absence and presence of wogonin at various
concentrations (0.1–100 μM). The effects of wogonin on cell
growth were assessed by the commonly used MTT assay. As
shown in Figure 2, wogonin exhibited potent cytotoxic activity
against the growth of NB4 cells compared with control
experiments at the same exposure time (P < 0.01, unpaired
t-test). The results in Figure 2 also demonstrated that the
efficiency of cell growth inhibition increased dramatically as the
concentration of wogonin was increased. For example, cell
proliferation was almost completely inhibited in the presence of

100 μM wogonin, while almost no growth inhibition was
observed when 0.1 μM wogonin was used. When NB4 cells
were treated with 50 μM wogonin for a period of 5 days,
approximately 60% growth inhibition was observed. This is
comparable to the results observed with 1 μM ATRA, an agent
commonly used for the treatment of APL.(38) A linear regression
of the data in Figure 2 allowed the prediction of the IC50
(39.3 ± 3.1 μM with 5 day treatment) of wogonin for NB4 cells.
It was noted that the efficiency of growth inhibition was also
correlated with exposure time at a given wogonin concentration.
However, the dependence on exposure time was only significant
when wogonin concentration was below IC50. When wogonin
was applied at higher concentrations, the effect of contact time
became less significant. Actually, compared with cells in the
control experiments, significant growth inhibition was observed
with as low as 1 μM wogonin from the third day of treatment
(Fig. 2). It is worth mentioning that wogonin-induced cell
growth inhibition is not directly related to cell apoptosis as
revealed by our flow cytometry measurement (see supplemental
documents). The low apoptosis rates observed for NB4 cells
treated with different concentrations of wognin during the entire
observation period implicated that the growth inhibition effect
of wogonin on the NB4 cell is mainly attributed to its ability to
effectively induce the differentiation of this cell line as
described below.

Effects of wogonin on the differentiation of human promyelocytic
NB4 leukemia cells. To detect the differentiation-inducing effect
of wogonin on NB4 cells, the NBT reduction assay and Giemsa
staining were carried out. As described in ‘Materials and
Methods’, the ratio of differentiation of NB4 cells is calculated
by comparing the absorbance of parallel NBT/MTT (of identical
concentration). The amount of NBT reduction by NB4 cells is
found to be directly proportional to the concentration of
wogonin used in the experiments as shown in Figure 3b.
Interestingly, more than 75% cell differentiation was observed
when NB4 cells were treated with 100 μM wogonin although
more than 80% cell growth was inhibited. This suggested that
essentially all cells that survived after treatment with 100 μM
wogonin were mature. On the other hand, only about 70% cells
reached the mature stage after treatment with 50 μM wogonin.
The differentiation-inducing effect of 50 μM wogonin is similar
to that of 1 μM ATRA, which can trigger the maturation of
about 78% NB4 cells (data not shown). The results showed that
6–80 μM of wogonin was the most effective concentration.

At the same time, the morphologic maturation of NB4 cells
induced by wogonin was investigated by Giemsa staining

Fig. 2. The effect of wogonin on the growth of NB4 cells compared
with all-trans retinoic acid (ATRA). Cells were treated with different
concentrations of wogonin or 1 μM ATRA for 5 days. Values are
means ± SD of three parallel experiments. C1–C5 are different
concentrations of wogonin used and correspond to 100, 50, 10, 1.0, and
0.1 μM, respectively.

Fig. 3. Growth inhibition (a) and nitroblue tetrazolium (NBT)
reduction (b) of NB4 leukemia cells induced by wogonin. NB4 cells were
cultured with wogonin for 5 days and cell viability was measured by the
commonly used 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay as detailed in ‘Materials and Methods.’ Values are
means ± SD of three separate experiments. (*P < 0.01, #P < 0.05).
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(Fig. 4a). Based on NBT reduction results, 70, 50, 25, 12.5, 6.2,
and 3.1 μM wogonin-treated cells were selected and stained
with Giemsa. As shown in Figure 4a, NB4 cells treated with
25 μM wogonin were characterized by granulocyte (polymor-
phonuclear granulocytes, myelocytes, and metamyelocytes
appeared to prevail; myeloblasts and promyelocytes were hardly
observed), which is similar to the results after ATRA treatment
(Fig. 4c). Similar results were observed for cells treated with
other wogonin concentrations tested (data not shown). It was
also noted that more mature cells were found after wogonin
treatment (12.5, 6.2, and 3.1 μM, data not shown) as compared
with the control experiment (Fig. 4b). These results also demon-
strated that the number of mature NB4 cells increases as the
concentration of wogonin is increased.

To evaluate cell-type specificity of wagonin as a differentiation
inducer, two additional leukemia cell lines, U937 and HL60,
both non-APL myeloid leukemia cells, were investigated under
identical experimental conditions. Our results indicated that
wogonin can induce differentiation in both U937 (Fig. 4d) and
HL60 (Fig. 4g) cell lines, as with ATRA (Fig. 4f,h). Although
this observation differed from our expectations (wogonin can
induce differentiation of NB4 cells but not other leukemia cells),
it does not compromise its potential use as a differentiation
inducer for the treatment of acute promyelocytic leukemia
(APL) because it has less adverse effects than ATRA. Since both
ATRA and wogonin lack selectivity for APL cells, it is
necessary to search for better and more selective agents for the
treatment of APL.

Effect of wogonin on CD11b and CD14 expressions in NB4 cells.
CD11b expression has been used as a marker of granulocytic
differentiation, while CD14 expression has been used to monitor
monocytic differentiation.(39,40) In order to confirm the
differentiation-inducing effect of wogonin, we examined the
expression of CD11b and CD14 in NB4 cells using flow
cytometry. Figure 5 shows the flow cytometric diagrams of
CD11b and CD14 expression in NB4 cells after treatment with
50, 12.5, and 3.1 μM wogonin. Compared with untreated cells

(Fig. 5a1), the number of CD11b positive cells increased
significantly after treatment with 50 μM wogonin for 5 days
(Fig. 5a3). However, no significant change was observed for the
expression of monocytic antigen CD14 (Fig. 5b3–b5). Similar
results were found for ATRA-treated NB4 cells (Fig. 5a2 and b2).
These results are in complete agreement with our MTT experiments,
demonstrating that wogonin induced NB4 cells to differentiate
toward granulocyte-like cells and the degree of this effect is
directly proportional to the concentration of wogonin employed.

Wogonin induces PLSCR1 expression in NB4 cells. Although the
results presented above have firmly established the role of wogonin
in differentiation induction of NB4 cells, the mechanism or the
molecular targets of wogonin remain to be defined. As PLSCR1
was required in the maturation of granulocytes by ATRA,(23,41)

we evaluated the expression of PLSCR1 during wogonin-induced
differentiation of NB4 cells. Our results (Fig. 6) indicated that
low concentrations of wogonin (≤ 3.1 μM), which induced little
cell differentiation, failed to modulate the expression of PLSCR1.
However, higher concentrations (70, 50, 25, 12.5, and 6.2 μM)
of wogonin, which induced significant cell differentiation,
dramatically enhanced PLSCR1 expression (Fig. 6b). This
observation was further supported by the increased PLSCR1 mRNA
as proved by our semiquantitative RT-PCR experiment (Fig. 6a).
Although we could not compare the amount of PLSCR1 protein
with the degree of wogonin-induced differentiation of NB4 cells
exactly, these results suggested that the induction of PLSCR1
gene expression is associated with wogonin-induced granulocytic
differentiation of NB4 cells. This implication is further
supported by the dramatic increase in the phosphorylation of
protein kinase Cδ (PKCδ) in NB4 cells treated with wogonin,
although no significant change in the expression of PKCδ was
detected (see supplemental document). This is in complete
agreement with the mechanism proposed for ATRA-induced
differentiation of leukemic cells.(23)

Effects of RNAi of PLSCR1 on wogonin-induced differentiation in
NB4 cells. The results presented above have firmly established
the role and the mechanism or the molecular targets of wogonin

Fig. 4. The differentiation-inducing effect of
wogonin on the mophology of NB4 cells. NB4 cells
were treated with either 25 μM wogonin (a) or
1 μM all-trans retinoic acid (ATRA) (c) for 5 days.
The result of control experiment (no drugs
applied) is included (b) for comparison purposes.
The differentiation-inducing effects of wagonin on
U937 (d, 25 μM wogonin; e, control; and f, 1 μM
ATRA) and HL60 cells (g, 25 μM wogonin; h,
control; and i, 1 μM ATRA) were also studied to
examine cell-type specificity of wagonin as a
differentiation inducer. The cells were fixed and
stained with Giemsa after treatment. Cells
indicated with arrows have been induced to
mature at different phases (polymorphonuclear
granulocytes, myelocytes, and metamyelocytes).
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Fig. 5. Flow cytometry measurement of cell-surface differentiation antigen CD11b/CD14 expression in NB4 cells after treatment with different
concentrations of wogonin. All-trans retinoic acid (ATRA) (1 μM) was used as a positive control. The expression of CD11b (a) gradually increases
while that of CD14 (b) remains unchanged after wogonin treatment. The subscripts 1–5 represent control, ATRA, 50, 12.5, and 3.1 μM of wogonin,
respectively. A comparison of the expression level of CD11b and CD14 is given in (C), where cell stands for control experiment and C1, C2, and C3
represent 50, 12.5, and 3.1 μM of wogonin, respectively.

Fig. 6. Effects of wogonin on PLSCR1 expression
in NB4 cells, where C1–C6 represent wogonin
concentrations of 70, 50, 25, 12.5, 6.2, and
3.1 μM, respectively. NB4 cells were treated with
the indicated concentrations of wogonin or all-
trans retinoic acid (ATRA) for 5 days, semiquantitative
reverse transcription–polymerase chain reaction
(RT-PCR) for PLSCR1 mRNA with G3PDH as
loading control (a), and Western blot for PLSCR1
with α-actin as loading control (b) were performed
as detailed in ‘Materials and Methods’.
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in differentiation induction of NB4 cells. The effects of RNAi of
PLSCR1 on wogonin-induced differentiation in NB4 cells remain
unclear from these experiments. Therefore, we performed the
transfection experiment to test the interrelation between RNAi
of PLSCR1 and wogonin-induced differentiation. Our flow
cytometry experiments (see supplemental document) indicated
that wogonin (50 μM) treatment can significantly stimulate the
expression of CD11b (56.1%) and CD14 (35.5%) compared to
cells from control group. However, when PLSCR1 was nulled
by RNA interference while keeping the concentration of
wogonin at the same level (50 μM), the expression of CD11b
was dramatically suppressed (15.5%), although the production
of CD14 was only slightly decreased (9.8%). This observation
suggested that proper expression of PLSCR1 and wogonin
induced differentiation in NB4 cells are closely related. No
experiments were carried out to test the effects of control
siRNAs as they contain a scrambled sequence that will not lead
to the specific degradation of any known cellular mRNA
according to the manufacturer’s instructions.

Discussion

Since the successful introduction of ATRA for the treatment of
APL in 1986, a potentially less toxic cancer therapeutic strategy
known as ‘differentiation therapy’ has been developed, which
uses drugs to induce cancer cells to undergo terminal
differentiation, thus preventing their further proliferation.(38,42,43)

However, a rapid increase in leukocytes is commonly observed
during ATRA therapy, and the treatment is often accompanied
by retinoic acid (RA) syndrome.(44) Another drawback of ATRA
therapy is the development of resistance, and the duration of
remission is relatively short.(45,46) Therefore, increasing efforts
have been focused on developing novel and potent
differentiation inducers with less adverse effects in recent years.

In the current work, we demonstrated that wogonin, one of
the major constituents of Scutellaria baicalensis, is an effective
differentiation inducer of NB4 cells. The exact mechanism of
differentiation induction by wogonin on NB4 cells was unclear.
However, the elevated expression of PLSCR1 in wogonin-treated
NB4 cells suggested that wogonin-induced differentiation of
NB4 cells is mediated by the modulation of PLSCR1 gene
expression in this cell line. PLSCR1 is a possible adaptor
protein, and the expression of PLSCR1 is specifically induced
by special differentiation inducers in APL-derived cell lines and
primary APL cells that have the PML/RARa fusion protein.
Therefore, the PLSCR1 gene could be a target of PML/
RARα.(41) PLSCR1 was originally identified based on its
capability to promote transbilayer movement of membrane
phospholipids,(20,37) but recent studies have provided strong

evidence for its role in cell signaling and in cell maturation.(47)

Proliferation and terminal differentiation of myeloid precursor
cells in response to selective growth factors are impaired in
PLSCR1–/– mice. It is also reported that in both monocytic and
granulocytic lineages the expression of PLSCR1 markedly
increases upon terminal differentiation into neutrophils and
macrophages.(21) Conversely, de novo expression of a mutant
mRNA encoding a truncated form of murine PLSCR1 (also
known as MmTRA1a, deleting the proline-rich segment
between codons 1–128) was identified in a monocytic leukemia
cell line, and this mutation was found to correlate with the ability
of these cells to proliferate in vivo.(20) In contrast, the expression
of full-length PLSCR1 induced differentiation of these leukemic
cells to macrophages.(20) Furthermore, Nakamaki et al.(41)

reported that PLSCR1 mRNA was specifically induced during
granulocytic and monocytic differentiation of APL cells by
ATRA and PMA, respectively.(22) Recent studies performed in
patients with acute myelogenous leukemia (AML) and APL
showed that higher levels of PLSCR1 mRNA were associated
with significantly longer overall survival, independent of
chromosomal aberrations,(41,48) suggesting PLSCR1 mRNA level
as a new prognostic factor for AML and APL.(41,49) Here, we
have demonstrated that the expression of PLSCR1 was markedly
increased during wogonin-induced granulocytic differentiation
of NB4 cells. This finding is consistent with the results observed
with ATRA. Therefore, it is suggested that PLSCR1 is one of the
essential target-genes in wogonin-induced granulocytic differen-
tiation of NB4 cells. This implication is further supported by our
RNAi experiment that showed significant reduction in CD11b
expression when PLSCR1 is nulled. Whether PLSCR1 expres-
sion is modulated directly by wogonin or indirectly via changes
in the expression of PML/RARα after wognin treatment is
under further investigation in our laboratories.

Interestingly, NB4 cells were inhibited almost 55–90% by 50–
70 μM wogonin, while the differentiation ratio of the cells tested
was 65–85%. This suggested that wogonin would not bring
about serious adverse reactions (RA syndrome) observed during
ATRA therapy that rapidly increased the number of leuko-
cytes.(11) Our results indicated that wogonin could serve as a new
differentiation inducer, offering better management for human APL.
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