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Background: Curcumin is a multi-targeted anti-cancer agent. However, there are few studies on its anti-
leukemia activity in human acute monocytic leukemia. Here, we study the effect and mechanisms of
curcumin on acute monocytic leukemia. Methods: The acute monocytic leukemia cell line THP-1 was
used as in vitro cell model to explore the anti-leukemia effects and mechanisms of curcumin. Cell prolif-
eration was measured by MTT assay, cell apoptosis bodies were observed using a light microscope, cell
apoptosis rate was evaluated by flow cytometry, and the expression alterations of growth-sinaling proteins
were detected by Western blotting. Results: Curcumin inhibited cell proliferation and induced cell apoptosis
in time- and dose- dependent manner in THP-1 cells. Curcumin significantly inhibited the activations of
AKT/mTOR and RAF/MEK/ERK signaling pathways simultaneously. Conclusion: This study demonstrates
that curcumin inhibits proliferation and induces apoptosis in THP-1 cells via inhibiting the activations of
AKT/mTOR and RAF/MEK/ERK signaling pathways simultaneously. Our data suggest that curcumin is a
promising anti-tumor agent in acute monocytic leukemia.

1. Introduction

Acute myeloid leukaemia is a clonal disorder which comprises
a group of clonal malignant diseases characterized by a dereg-
ulated proliferation of myeloid haematopoietic stem/progenitor
cells (Steffen et al. 2005). The main therapy strategies for AML
patients are aggressive chemotherapeutic regimens and HSCT.
Though most AML patients who receive intensive chemother-
apy can achieve complete remission, the frequency of relapse is
high and the overall five year survival rate is only 20% (Rowe
2008). The main characteristic of AML is the uncontrolled
proliferation/survival of immature myeloid progenitors which
undergo a differentiation block at various maturation steps,
resulting in the accumulation of leukemic cells in the bone mar-
row and inhibition of normal hematopoiesis (Gilliland 2004).
Deregulation of the signaling pathways including PI3K/AKT,
RAF/MEK/ERK, STAT3/5 (Steelman et al. 2008), Wnt/[3-
catenin (De et al. 2006; Valencia et al. 2009), and NF-kB
(Guzman et al. 2001) enhance the survival and proliferation of
hematopoietic progenitor cells which is the basis of development
of AML. Soithas been postulated that effectively targeting some
of these pathways could have a considerable impact on AML
therapy. Much interest has focused on specific inhibitors such as
mTOR inhibitor, MEK inhibitor, PI3Kinhibitor, AKT inhibitor
and so on. While AML is usually the result of dysregulation
of several signaling pathways, so these specific inhibitors used
as monotherapy which only target one or two components of
one signaling pathway have not translated into substantial clin-
ical benefit in early phase trials (Chapuis et al. 2010; Yee et al.
2006; Rizzieri et al. 2008). The current paradigm for most treat-
ments is to either combine several specific inhibitors or design
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Fig. 1: Curcumin inhibited proliferation of THP-1 cells in a time- and
dose-dependent manner. THP-1cells were incubated with 0, 10, 20, 30,
40,50 .M curcumin for 1 day, 3 day and 5 day. At the end of incubation, the
cell survival rates were determined by MTT methods. Cell viability is
expressed as the percentage of cell survival compared to the control. The
results shown were representative of three independent experiments.

drugs that modulate multiple targets. Many natural drugs are
multi-target agents, and is one of the most intriguing of these
natural drugs, and has been shown to suppress multiple signaling
pathways and inhibit cell proliferation, invasion, metastasis, and
angiogenesis of many cancer cells. Using the acute myelogenous
leukemia cell line THP-1, we investigated whether curcumin
could act as multi-target agent in acute myelogenous leukemia
cells, then induced the inhibition of proliferation and apopto-
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Fig. 2: Curcumin induced the production of apoptosis bodies in THP-1 cells.The cells were treated with 15, 30, 50 wM curcumin for 24 h, the cellular morphologic changes were
observed using a light microscope (Olympus). The amount of apoptosis bodies increased with the augment of concentration of curcumin.
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Fig. 3: Curcumin induced apoptosis in THP-1 cells. To further confirm the curcumin-mediated apoptosis in THP-1 cells, the percent of apoptotic cells was examined by flow
cytometry using the Annexin V-FITC /PI apoptosis detection kit. Data were obtained from three independent experiments and expressed as mean & SE. * indicates
p<0.05 compared with control,** p <0.01 compared with control.
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sis. The present study demonstrated that curcumin inhibits the
proliferation and induces the apoptosis of acute myelogenous
leukemia cells via simultaneously targeting AKT/mTOR and
RAF/MEK/ERK signaling pathways.

2. Investigations and results

2.1. The anti-proliferative effect of curcumin on THP-1
cells

The results of MTT assay showed that curcumin inhibited cell
growth in time- and dose- dependent manner in THP-1 cells
(Fig. 1). After 72 h of treatment, ICs, value (the concentrations
of oridonin which caused 50% inhibition of cell growth) was
27.13 £ 1.49 pM.

2.2. Curcumin-mediated growth inhibition via induction
of apoptosis in THP-1 cells

To determine whether curcumin-mediated growth inhibition is
associated with apoptosis, THP-1 cells were treated with 15 uM,
30 uM, 50 pM curcumin for 24 h, then the morphologic changes
were observed using a light microscope. As shown in Fig. 2,24 h
curcumin-tretment induced the appearance of apoptosis bod-
ies, and the amount of the apoptosis bodies increased with the
increase of the concentration of curcumin. To further confirm
the curcumin-mediated apoptosis in THP-1 cells, cell apoptosis
rate was performed by FCM. Our results revealed that apop-
totic rate of SUP-B15 cells which, without drug treatment, was
5.90 £ 1.77 %, increased to 17.47 = 2.55 %, 40.13 +=4.01% and
87.37 £ 6.41% respectively following treatment with 15 pM,
30 uM, 50 uM curcumin (Fig. 3). These results suggested that
curcumin suppresses the growth of THP-1 cells via inducing cell
apoptosis.

2.3. Curcumin inhibits activation of Akt/mTOR and
Raf/MEK /ERK signaling pathways in THP-1 cells

To study the mechanisms of anti-leukemia activity of cur-
cumin, we first examined activation levels of Akt/mTOR and
Raf/MEK/ERK signaling pathways in THP-1 cells. West-
ern blot analysis showed that THP-1 cells without curcumin
treatment expressed constitutively the phosphorylated form
of Akt (Serd73), GSK3B (ser9), mTOR (ser2448), 4EBP1
(Thr37/46), p70S6K (Tyr389)proteins, Raf (ser338), MEK1/2
(ser217/221) and ERK 1/2 (Thr202/Tyr204) proteins. After
treatment with curcumin, not only levels of the phosphory-
lated forms of Akt(Serd73), GSK3B(ser9), mTOR (ser2448),
4EBP1 (Thr37/46), p70S6K (Tyr389), Raf (ser338), MEK1/2
(ser217/221) and ERK 1/2 (Thr202/Tyr204) but also the total
protein level of Akt, mTOR, 4EBP1, p70S6K were down-
regulated in a time- and dose-dependent manner (Fig. 4, 5).

3. Discussion

In this study, curcumin exhibited a strong anti-leukemia effect
in AML cell line THP-1 in vitro. Our results showed that cur-
cumin inhibited the spontaneous growth of THP-1 cells in a time-
and dose-dependent manner. To further investigate the mecha-
nisms of anti-leukemia activity of curcumin, we analyzed the
effect of curcumin on apoptosis and activation of Akt/mTOR
and Raf/MEK/ERK signaling pathways which were constitu-
tively activated in THP-1 leukemia cells. Our results showed that
curcumin induced apoptosis by down-regulating Akt/mTOR and
Raf/MEK/ERK signaling pathways.
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Fig. 4: Curcumin inhibited the constitutive activation of AKT/mTOR signaling
pathway in THP-1 cells. The cells were incubated with 30 uM curcumin for
6, 12,24 h or with 15, 30, 50 uM curcumin for 24 h, cells were then harvested
and total proteins were extracted. Equal amounts of protein from each sample
were separated on 6—-15%SDS-PAGE and immunoblotted with indicated
antibodies, GAPDH was used as a loading control. Curcumin inhibited the
constitutive activation of Akt/mTOR signaling pathway in a time- and
dose-dependent manner.

Different from normal cells, leukemia cells often express consti-
tutively active survival-signaling pathways such as Akt/mTOR,
RAF/MEK/ERK, Jak/STAT and NF-kB signaling pathways
because of gene mutations, rearrangements and chromoso-
mal translocations, and these survival-signaling pathways play
vital roles in tumorigenesis, proliferation, anti-apoptosis, drug
resistance (Karin et al. 2002; Talapatra et al. 2001; Teachey
et al. 2009). The more growth-signaling pathways are con-
stitutively active in acute myelogenous leukemia, the poorer
is the prognosis (Kornblau et al. 2006). Our results showed
that in acute monoblastic leukemia cell line THP-1, both
Akt/mTOR and RAF/MEK/ERK signal transduction pathways
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Fig. 5: Curcumin inhibited the constitutive activation of RAF/MEK/ERK signaling
pathway in THP-1 cells. The cells were incubated with 30 wuM curcumin for
6, 12,24 h or with 15, 30, 50 uM curcumin for 24 h, cells were then harvested
and total proteins were extracted. Equal amounts of protein from each sample
were separated on 6—15%SDS-PAGE and immunoblotted with indicated
antibodies, GAPDH was used as a loading control. Curcumin inhibited the
constitutive activation of RAF/MEK/ERK signaling pathway in a time- and
dose-dependent manner.
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were constitutively active simultaneously, this may be one of
reasons why acute monoblastic leukemia is more aggressive,
and the prognosis is poorer than that of other types of acute
myelogenous leukemia. Since Akt/mTOR and RAF/MEK/ERK
signaling pathways were simultaneously active in THP-1 cells,
we speculate that agents inhibiting activation of Akt/mTOR,
Raf/MEK/ERK would create anti-leukiemia effects, especially
the inhibitors targeting simultaneously the two pathways may
prove more effective in THP-1 cells.

Curcumin has been proven to be a powerful therapeutic drug
(Anand et al. 2008; Aggarwal et al. 2009). Curcumin induces
apoptosis and inhibits proliferation in a variety of cancer cells by
targeting multiple cellular signaling pathways (Kunnumakkara
etal. 2008). It was reported that curcumin induced apoptosis and
inhibited survial of pancreatic and lung adenocarcinoma cells
via inhibition of Erk1/2 activity (Lev-Ari et al. 2006). Shishodia
et al. (2005) found curcumin induced apoptosis and suppressed
proliferation in mantle cell lymphoma by inhibiting constitutive
NF-kappaB activation. Beevers et al. (2006) reported that cur-
cumin inhibited the mammalian target of rapamycin-mediated
signaling pathways in cancer cells and Choi et al. (2008) found
that curcumin down-regulated the multidrug-resistance mdrlb
gene by inhibiting the PI3K/Akt pathway. Prasad et al. (2009)
found that curcumin inhibited proliferation in human breast can-
cer cells by modulating Wnt/beta-catenin signaling. Wang et al.
(2006) reported that curcumin induced apoptosis and inhibited
growth in pancreatic cancer cells by down-regulating Notch-1
signaling pathways. Since curcumin acts as multi-target agent
inhibiting proliferation in a variety of cancer cells, we hypoth-
esized that curcumin could induce proliferation inhibition in
THP-1 cells via targeting the constitutively active survival sig-
naling pathways. In consistence with our hypothesis, curcumin
induced apoptosis, then inhibited the proliferation of THP-1
cells in a time- and dose-dependent manner by inhibiting the
activation of Akt/mTOR and RAF/MEK/ERK pathways simul-
taneously. Unlike Yang’s findings, curcumin induced THP-1
cells apoptosis via the activation of MAPK/AP1 pathways (Yang
et al. 2012). We think that different cell culture environments
account for this difference.

Compared to many specific inhibitors which hit a single target
for the treatment of leukemia, curcumin may be more effec-
tive, because drug resistance emerges frequently because of the
hyperactivation of alternative signaling pathways under treat-
ment of a single target. While curcumin exhibited multi-targeted
characteristics, we expect that resistance to curcumin in acute
monoblastic leukemia may rarely occur and response to cur-
cumin may be higher, response duration may be longer.

It is worth noting that curcumin had no major toxicities in phase
Tand Il clinical studies at doses of up to 8 g/day (Lao et al. 2006;
Dhillon et al. 2008).

Taken together, curcumin simultaneously inhibits Akt/mTOR
and Raf/MEK/ERK pathways which are constitutively acti-
vated in acute monoblastic leukemia cell line, THP-1 cells,
then induces apoptosis and inhibits proliferation. Curcumin is a
promising therapeutic agent for acute monoblastic leukemia.

4. Experimental
4.1. Materials

Curcumin was obtained from Sigma Chemical Co. The stock solu-
tion of curcumin (50mM) was prepared by dissolving curcumin in
dimethy] sulfoxide (DMSO) and stored at -20 °C. Antibodies against Akt,
p-Akt (serd73), p-GSK3pB(ser9), mTOR, p-mTOR (ser2448), 4EBP1, p-
4EBP1 (Thr37/46), P70S6, p-P70S6 (Thr389),p-cRaf (ser338), MEK1/2,
p-MEK1/2 (ser217/221), p-ERK1/2(Thr202/Tyr204), and goat anti-rabbit
horseradish peroxidase (HRP) conjugate were obtained from Cell Signaling
Technologies. AnnexinV-FITC appotosis detection kit was purchased from
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KeyGen Biotech.CO., Ltd. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-
tetrazolium bromide (MTT) was obtained from Sigma Chemical Co.

4.2. Cell culture conditions

The human monoblastic leukemia cell line THP-1 was obtained from
American Type Culture Collection and cultured in RPMI-1640 medium sup-
plemented with 10% FBS, 100 U/ml penicillin and 100 g/ml streptomycin
and in 5% Co» incubator at 37 °C.

4.3. MTT assay

The antiproliferative effects of curcumin on THP-1 cells were determined by
MTT assay. Briefly, the cells (1 x 107 cells/well) were incubated in triplicate
in a 96-well plate in the presence or absence of indicated concentration
curcumin in a final volume of 100 pL for 1,3,5 days at 37 °C. Then, 20 pL.
MTT solution (5 mg/mL in PBS) were added to each well. After an 4-6h
incubation at 37 °C, 100 wL. SDS-isobutanol-HCI solution was added and
incubation was continued overnight at room temperature. Thereafter the
optical density (OD) was measured using pQuant MQX200 Microplate
Spectrophotometer (Biotek) at a wavelength of 570 nm. The cell viability
was expressed as a percentage: OD(experiment samples)-OD(blank)/(OD
(control)-OD(blank)) x 100%. The percentage of cell growth inhibition was
calculated as follows: OD(control)-OD(experiment samples)/(OD(control)-
OD(blank)) x 100%.

4.4. Light microscopy

THP-1 cells (2 x 10°) in RMPI-1640 with 10% FBS were seeded into 6-
well culture plates and cultured with indicated concentration of curcumin
for 24 h. The cellular morphologic changes were observed using a light
microscope (Olympus).

4.5. Annexin V-FITC/PI staining for evaluation of apoptosis

THP-1 cells were stained using KeyGen Apoptosis Kit according to man-
ufacturer’s recommended protocol. Briefly, cells treated with indicated
curcumin for 24 h, 2 x 10° cells were harvested, washed twice with cold
PBS and resuspended in 100 .l of binding buffer. 5 ul of annexin VFITC
were added, 15 min later 5 pl of PI were added, cells were incubated at room
temperature for 15min in the dark. Then the samples were diluted with
400 wl of binding buffer and the stained cells were analyzed in Cytomics
FC500 flow cytometer equipped with CXP software within 1 h. For each
analysis 10,000 events were recorded.

4.6. Western blotting analysis for protein expression

After curcumin-treatment for indicated time, 5 x 10° THP-1 cells were
collected and washed twice with cold PBS. After centrifugation, RAPI
lysis buffer (20mM Tris, pH 7.4; 250 mM NaCl; 2mM EDTA, pH 8.0;
0.1% Triton-X100; 0.01 mg/mL aprotinin; 0.005 mg/mL leupeptin; 0.4 mM
PMSF; 4mM NaVO4) was added. Cell lysis was carried out on ice for
15 min, after centrifugation at 12,000x g for 20 min, the supernatant was
separated and stored at —70 °C until use. Protein extracts were quantitated
and loaded on 6% to 15% sodium dodecyl sulfate—polyacrylamide gel. After
electrophoresis, proteins were transferred to polyvinylidene difluoride blots
at 250 mA for 30 min to 2 h. The blots were blocked for 1h at room tem-
perature in fresh blocking buffer (0.1% Tween 20 in Tris-buffered saline,
pH 7.6, containing 5% non-fat powdered milk). Following three washes
with TBST (TBS and 0.1% Tween 20), the blots were incubated with spe-
cific primary antibody overnight at 4 °C, then washed again three times
with TBST and incubated with horseradish peroxidase (HRP)—conjugated
secondary antibody for 1h at room temperature, and finally detected by
enhanced chemiluminescence (ECL) detection system (Bio-Rad Laborato-
ries Inc.) according to manufacturers instruction. We used GAPDH as an
endogenous control for standardizing the amount of the sample proteins.

4.7. Statistical analysis

Apoptosis rate were analyzed with one-way ANOVA and independent sam-
ple t test. P values less than 0.05 were considered statistically significant
and were derived from 2-sided statistical tests. All statistical analysis was
performed using the software SPSS 16.0 for windows.

Source of Funding: National Natural Science Foundation of China
(No0.30770912), Foundation of the Science & Technology Department of
Sichuan Province (N0.2008SZ0017), National Science & Technology Pillar
Program (No. 2008BAI61B01).
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