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PO S i G R0) O[SV The rate of survival in acute promyelocytic leukemia
(APL) can dramatically improve, if the patients receive all-trans-retinoic acid

(ATRA) treatment. However, this drug's toxicity is a major problem in APL
treatment. Previous researches have demonstrated that phyto-polyphenols such as
epigallocatechin gallate (EGCG) and kaempferol cause apoptosis in hematopoietic
neoplasms, but do not negatively impact healthy cells. The present study compared
the differentiation effects of kaempferol and EGCG, as well as ATRA in NB4
leukemia cells during five days.

WY BT R 0 G B Herein, kaempferol and EGCG's differentiation-inducing
activity was examined by NBT assay and Real-time PCR in leukemia NB4 cells.

EGCG (25 pM) and kaempferol (50 pM) induced the NB4 cells'
differentiation, towards a granulocytic pattern similar to ATRA (1 uM). EGCG further
suppressed PML/RARa clinical marker's expression compared to kaempferol, it also
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decreased HDACT expression in leukemia NB4 cells.

Based on this study, compared to kaempferol, EGCG at low
concentrations is preferred for long-term ATRA therapy in APL patients.
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Introduction

As a subtype of acute myeloid leukemia (AML), acute
promyelocytic leukemia (APL) is characterized by chro-
mosomal translocation t (15;17) (q22; q21), causing a
fusion between promyelocytic leukemia (PML) genes and
the retinoic acid receptor-a (RARa); the fusion also
recruits histone deacetylases (HDACs), thereby repre-
ssing retinoic acid's differentiating role (1). Thus, HDAC
inhibitors are regarded as important therapeutic agents for
this type of leukemia (2, 3).

The use of all-trans retinoic acid (ATRA) for treating
APL patients may markedly improve the survival rate.
Still, in spite of the progress in the prognosis of most
patients with APL, resistance to ATRA and disease
relapse are still serious problems (4). Researchers hold
that dietary phytochemical agents might impact chemo-
therapy and assist in the treatment of cancer. Various
natural compounds (e.g. polyphenolic or flavonoids) can
enhance chemotherapeutic agents' efficiency, ameliorate
the adverse side-effects of chemotherapy and decrease
chemotherapeutic drugs' resistance (5).
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We previously reported that phyto-polyphenols epigall-
ocatechin-3-gallate (EGCG) and kaempferol generally
exert pleiotropic impacts on leukemic cells; they improve
multiple signaling pathways and influence several
dimensions of cellular fate, such as: cell differ-entiation,
proliferation, and apoptosis. These natural com-pounds
also induce death in tumor cells, while sparing normal
cells (6-10).

EGCQG is one of the main constituents of green tea. It
demonstrates significant cancer chemo preventive and
therapeutic potentials against different types of cancer
(11). At present, 30 phase I and phase II clinical trials are
in progress or in development in the USA, highlighting
the potential value of this substance as a chemotherapeutic
agent (12). The safety of EGCG has extensively been
assessed (13), and green tea extract (Veregen , Pharma-
Derm, Florham Park, NJ, USA) has recently received the
approval of the US Federal Drug Administration as the
first botanical drug in the US (14, 15). EGCG inhibits
AML cell lines and primary AML blast cells' prolifera-
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tion, but does not impact normal haematopoietic prog-
enitor cells' colony-forming capacity (16).

Kaempferol is a yellow-colored flavonoid broadly
distributed in botanical families such as: Albizia lebbeck,
Adansonia digitata, Aloevera, strawberries, tomatoes and
apple (17). Kaempferol's potential anticancer impacts on
ovarian, colon, lung, prostate, esophageal, and pancreatic
cancer cell lines have been documented in several studies
(18-20). It has also been reported to reduce the resistance
of cancer cells to anti-cancer drugs including vinblastine
and paclitaxel (21). The mechanisms causing the anti-
cancer effect of this substance are cell proliferation inhibi-
tion, antioxidant activity, apoptosis induction, and cell
differentiation stimulation (22).

In previous studies, we have demonstrated the short-
term in vitro exposure of EGCG and kaempferol on APL
cell lines (6, 7). In this study, the differentiation-inducing
activity of kaempferol and EGCG was compared in the
human promyelocytic leukemia NB4 cells for a five-day
period. Another goal of the study was to determine
whether there is an association between the anti-leukemic
effects of kaempferol and EGCG and altered expression
of PML-RARa and HDACI in the long term.

Materials and Methods

Chemicals and reagents

High-glucose Roswell Park Memorial Institute (RPMI
1640) medium and fetal bovine serum (FBS) were
procured from Gibco (USA). TRIzol was prepared from
Invitrogen (USA). Moreover, the penicillin-streptomycin
solution, all-trans retinoic acid (ATRA), nitro blue
tetrazolium (NBT), phorbol myristate acetate (PMA),
kaempferol (>97%) and EGCG (> 95%) were purchased
from Sigma-Aldrich (USA). The Giemsa-staining solu-
tion was obtained from Merck (Germany). Human prom-
yelocytic leukemia NB4 cell line was purchased from the
cell bank of Pasteur Institute (Iran). Moreover, real-time
PCR Master Mix and cDNA synthesis Kit were procured
from Roche Diagnostic (Switzerland) and Fermentas
(Lithuania), in respective order.

The ethical approval code of the study is IR.JUMS.-
REC.1394.173.

Differentiation assay

Morphological observation was performed by Giemsa
staining and NBT reduction assay to assess cell
differentiation. To perform the NBT assay, treated cells
with EGCG (6.25-50 uM), kaempferol (12.5-100 pM), or
ATRA (1 uM) were washed with PBS and suspended in
the NBT solution (2 mg/ml), which contained 200 ng/ml
of phorbol myristate acetate. Following 25 min of
incubation at 37 °C in the dark, the cytospin slides were
stained with Giemsa. The differentiated cells were then
identified based on their intracellular decreased dark blue
formazan granules (300 cells measured for the presence
of granules) (23).
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Real-time PCR quantification

The cells treated with EGCG (25 uM), kaempferol (50
uM), or ATRA (1 puM) underwent RNA extraction via
TRIzol based on the manufacturer’s guidelines. Spectro-
photometry was performed to determine RNA concen-
tration and purity. cDNA was synthesized from the total
RNA (100 ng) of each sample by using a cDNA synthesis
kit with a random hexamer primer.

Beacon software (ABI, USA) was used to design the
primers and probes. Gene expression changes of differen-
tiation (PML-RARa, HDACI1) were measured using
TagMan-based real-time PCR by the ABI Step One
plus detection system (ABL, USA) (6).

Western blot analysis

Following five days of kaempferol (50 uM), EGCG
(25 uM) and ATRA (1 pM) treatment, lysis buffer was
used to lyse the cells. The lysates were examined for
the protein expression of acetyl-H3K4, which was
detailed in ref. (24).

Statistical analysis

The data were expressed as mean + SEM; they were
analyzed by one-way analysis of variance (ANOVA) with
Tukey’s multiple comparisons post-test. The p-value
<0.05 was set as statistically significant. The statistical
analysis was performed in Graph Pad PRISM software
(Version 6, Graph Pad Software, CA).

Results

EGCG and Kaempferol increased differentiation in
NB4 cells

Figure 1A displays the morphological analysis of
leukemic cells by Giemsa staining. The untreated
leukemic cells demonstrated promyelocytic charact-
eristics including a large nucleus and granules in the
cytoplasm. After EGCG (<25 uM) and kaempferol (<50
uM) treatment, the cells started to indicate morphological
changes towards possessing hollow nuclei and greater
zones of clear cytoplasm. After five days of treatment, a
granulocytic maturation pattern was observed in the
EGCG-, kaempferol-, and ATRA-treated cells; the nuclei-
to-cytoplasm ratio was reduced, and the nuclei showed a
range of remodeling from simple indentations to
polylobular nuclei.

Compared to untreated control cells, in leukemic cells,
EGCG- and kaempferol-treated cells demonstrated
enhanced NBT reduction potential (the sign of granulo-
cytic maturation), similarly to the positive control (Fig.
1B). NBT positive cells percentage in EGCG and
kaempferol groups were 75 £3.15 and 40+4.15, respect-
ively, as compared to 85+5.57 for ATRA-treated cells
during five days exposure (p < 0.001, Fig. 1C). The
impact of EGCG on NB4 cells' NBT reduction capacity
was more pronounced than kaempferol. The ECs values
of EGCG and kaempferol equaled 15.91+0.06 and
102.20+0.07 uM in NB4 cells at five days of incubation,
respectively (p <0.001, Fig. 1C).
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EGCG and Kaempferol reduced HDAC1 and
PML-RARGa genes' expression in NB4 cells

Based on Figure 2A, five days of treatment with 50 uM
kaempferol and 25 uM EGCG significantly reduced the
expression of the PML-RARa gene in NB4 cells
(0.84+0.04; 0.33+0.07, p<0.001). Furthermore, in
comparison to the untreated control cells, kaempferol and
EGCAG significantly reduced the HDACI gene expression
in NB4 cells (0.63£0.04; 0.51+0.03, p < 0.05).
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To examine the effect of EGCG and kaempferol on
HDACI, its substrate level was assessed by Western blot
analysis (Figure 2B). The histone H3K4ac (acetyl-H3K4)
protein levels significantly raised in NB4 cells treated
with 25 uM of EGCG and 1 uM of ATRA (1.5+0.16 and
1.7£0.21, respectively; p<0.001), thereby affirming the
inhibitory effect of EGCG on HDACI1. Compared to
EGCG, kaempferol did not significantly raise the acetyl-
H3K4 protein expression in the cells after five days

(Figure 2C).
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Figure 1. Effects of EGCG and kaempferol on the differentiation and granulocytic morphology of leukemia NB4 cells as
determined by NBT assay and Giemsa staining, respectively. (A) The cells were incubated for five days with EGCG (6.25-
50 uM), kaempferol (12.5-100 nM), or all-trans retinoic acid (ATRA). Control APL cells showed a promyelocyte trait with
granules in the cytoplasm. In the treated cells, the arrows show the polymorphonuclear morphology of granulocyte (the
bar shows 0.01 mm). (B) The photomicrographs of the NBT stained leukemic cells, which were treated for five days with
EGCQG, kaempferol, or ATRA. Black spots indicate dark blue formazan deposits in differentiated cells. (C) Differentiated
cells in (B) section were analyzed quantifiably. A minimum of 300 cells were measured. Results were reported as means +
SEM of three independent experiments. ***p < 0.001 vs. control cells.
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Figure 2. Effects of EGCG and kaempferol on HDAC1 and PML-RARa genes' expression in leukemia NB4 cells. (A) The
cells were incubated for five days with EGCG, kaempferol, or all-trans retinoic acid (ATRA), and the expressions of
HDAC1 and PML-RARa genes were measured by real-time PCR. (B) HDAC1 substrate (acetyl-H3K4) determined by
Western blot. (C) the bands in (B) section were analyzed quantifiably. The results were reported as mean + SEM of three
independent experiments. *p < 0.05, **p <0.01, ***p <0.001 vs. control cells.

Discussion

APL patients are successfully treated with ATRA,
but resistance to this drug and its toxicity are the chief
obstacles for APL treatment (25). Currently, some
plant-derived compounds including taxol analogs and
podophyllotoxin have been widely employed for
chemotherapy (26, 27). In previous studies, we had
reported that EGCG and kaempferol inhibited cell
growth, promoted apoptosis, and induced differen-
tiation in leukemia NB4 and HL60 cells during short-
term exposure. Even though the IC50 values obtained
for EGCG and kaempferol's antiproliferative impact on
leukemic cells were higher than the values for ATRA,
but anti-proliferative effects were seen at concent-
rations with no evident toxic impact on normal polym-
orphonuclear cells; thus showing EGCG and kaemp-
ferol actions' specificity in leukemic cells (6, 7). In the
present study, it was shown that EGCG promoted
differentiation more than kaempferol in the NB4 cells
through HDACland PML-RARa inhibition in a five-
day period.

A failure differentiate is the salient feature of
promyelocytes in APL patients (28). The outcomes of
Giemsa staining and NBT assay demonstrated that
EGCQG, like ATRA, causes morphological alterations
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in leukemic cells towards a granulocytic pattern, and
promotes their NBT reduction potential, which
indicates granulocytic maturation. EGCG's prodiffer-
entiating action was observed at the <25 uM concen-
tration; the effect was consistent with previously repor-
ted findings, which indicated that EGCG induced
differentiation in different cancer cells (29-33).

On the other hand, Vézina et al. reported that EGCG
might not pharmacologically impact the differentiated
macrophage in neuroinflammation diseases (34).
EGCG's inhibitory impact on PML-RARa expression
might express its prodifferentiating action on NB4
cells. It is recognized that fusions between PML and
RAR recruit HDACs, in this way suppress genes
associated with differentiation (35). Our data revealed
that EGCG treatment decreased the HDACI1 expre-
ssion in leukemic cells. In a previous study, we had
concluded that EGCG promoted differentiation with
EC50 20.46 £ 0.05 and 35.58 = 0.07 uM in leukemia
NB4 and HL60 cells in three days of incubation,
respectively (p<0.001).

We had also reported that EGCG decreased PML-
RARa gene expression in NB4 cells (0.41 + 0.04,
p<0.001) and reduced HDAC1 gene expression 0.68 +
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0.03 and 0.75 + 0.05 fold in three days in NB4 and
HL60 cells, respectively (p<0.001) (6). The findings of
this study revealed that the EC50 value of EGCG
equaled 15.91+0.06 pM in NB4 cells in five days of
incubation (p < 0.001, Fig. 1C). Also, EGCG signify-
cantly decreased PML-RARa and HDACI expression
in NB4 cells in a five-day exposure (0.33+£0.07 with p
< 0.001 and 0.51%0.03 with p < 0.05, respectively, in
Fig. 2). Based on these data, EC50 of EGCG was
significantly improved from three to five days (p <
0.001), without dramatically decreasing HDAC1 and
PML-RARa expressions in NB4 cells.

In our previous study, we had concluded that,
contrary to ATRA, kaempferol did not induce differen-
tiation in leukemic cells towards a granulocytic pattern
over three days. Thus, kaempferol did not signi-
ficantly inhibit PML-RARa and HDACI expression
level in NB4 cells (7). It did not significantly raise the
HDACI substrate's protein expression in the leukemic
cells after five days either.

According to the reported findings of present study,
the EC50 of kaempferol was significantly improved
from three to five days in NB4 cells (217.6 + 0.06 vise
102.204£0.07 uM, p < 0.001). As compared to three
days, kaempferol significantly decreased the expre-
ssion of the HDACI gene during five days in leukemic
cells (0.95 £+ 0.03 vise 0.63£0.04, p < 0.05). Based on
these results, the differentiation-inducing activity of
kaempferol may occur via inhibition of HDACI in
leukemia NB4 cells for five days. Previous studies
have reported, that kaempferol inhibited growth in
HL60 cells, that had not yet differentiated (36, 37). On
the contrary, Kang ef al. concluded that kaempferol did
not impact F9 cell growth (38).

Conclusion

EGCG and kaempferol exert prodifferentiating
influences on human leukemia NB4 cells through
inhibiting HDAC! and PML-RARa expressions in
long-term exposure. Accordingly, compared to kaem-
pferol, EGCG at low concentrations can be efficient for
long-term ATRA therapy in patients with APL.
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