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Nuclear factor kappa B (NF-jB) signaling pathway is activated in many colorectal

cancer (CRC) cells and in the tumor microenvironment, which plays a critical role in

cancer initiation, development, and response to therapies. In the present study, we

found that the widely used antimalarial drug mefloquine was a NF-jB inhibitor that

blocked the activation of IjBa kinase, leading to reduction of IjBa degradation,

decrease of p65 phosphorylation, and suppressed expression of NF-jB target genes

in CRC cells. We also found that mefloquine induced growth arrest and apoptosis

of CRC cells harboring phosphorylated p65 in culture and in mice. Furthermore,

expression of constitutive active IKKb kinase significantly attenuated the cytotoxic

effect of the compound. These results showed that mefloquine could exert antitu-

mor action through inhibiting the NF-jB signaling pathway, and indicated that the

antimalarial drug might be repurposed for anti-CRC therapy in the clinic as a single

agent or in combination with other anticancer drugs.
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1 | INTRODUCTION

Colorectal cancer (CRC) is one of the most common malignancies

with more than 1.4 million new cases each year worldwide.1,2

Although there is a marked downward trend in developed countries,

the incidence rate of CRC has been increasing significantly in many

developing regions, largely attributed to population aging, dietary

change, and environment pollution.3 Additionally, the 5-year survival

rate of those diagnosed with the cancer at advanced stages is <30%,

and ~700 000 patients die from CRC annually, posing a major

challenge for the health-care system.4,5 Despite significant progress

in drug development technologies, there are only a few new small

molecular drugs and biologics that have markedly benefited patients

with CRC.6 Intriguingly, breakthrough immunotherapies, including

checkpoint blocking and adaptive T-cell transfer, are not effective in

the majority of CRC patients.7 Thus, it appears necessary to search

for new agents on as many fronts as possible. One of the possible

routes is to screen the FDA-approved drug library for targeting

essential pathways in CRC.8

Transcription factor nuclear factor kappa B (NF-jB) is composed

of the dimerized members of the Rel family proteins RelA(p65), RelB,

p50/NFjB1 (p105), p52/NFjB2 (p100), and c-Rel, among which theX. Xu and J. Wang contributed equally to this study.
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p65/p50 complex is the most common active heterodimer.9,10 They

normally stay inactive as a result of binding with IjB in the cyto-

plasm. Inflammatory and immunological stimuli are able to activate

IjB kinase (IKK), which, in turn, phosphorylates IjBa and promotes

its ubiquitination and proteasomal degradation, resulting in nuclear

translocation of NF-jB. Once in the nucleus, p65 often undergoes a

series of post-translational modifications including phosphorylation,

acetylation, and methylation, which regulate both the strength and

duration of the transactivation activity. The target genes of NF-jB

include cell survive-related Bcl-2 and XIAP, cell proliferation-related

Cyclin D1, CDK2 and MYC, and pro-inflammatory cytokines. Not

unexpectedly, the NF-jB pathway is aberrantly activated in many

tumors and is closely associated with their development and pro-

gress. In CRC, NF-jB is activated in cancer cells as well as in the

surrounding microenvironment to sustain inflammation and promote

proliferation, angiogenesis, invasion and eventually metastasis. Retro-

spective analysis indicated that activated NF-jB is associated with

tumor metastasis and poor prognosis.11,12 Thus, targeting the NF-jB

pathway has been an actively sought-after strategy for novel anti-

CRC drug discovery, and a number of specific inhibitors have been

developed for further clinical studies.13

Through screening a library of FDA-approved drugs with a NF-jB

response element-driven luciferase reporter, we found that one of the

effective inhibitors of NF-jB-dependent transcription is mefloquine,

an effective drug used to prevent and treat malaria.14 Our studies

showed that mefloquine suppressed NF-jB activity by inhibiting IKK

activation, and induced apoptosis in CRC cells both in vitro and

in vivo, which could be attenuated by expressing constitutively active

IKK in the cells. These results indicated that mefloquine could poten-

tially be repurposed as a chemotherapeutic for the treatment of CRC.

2 | MATERIALS AND METHODS

2.1 | Cells, culture and chemicals

Colorectal cancer cell lines HT-29, HCT116, RKO, SW620 and Lovo

were purchased from ATCC (Manassas, VA, USA). HEK293T cell line

was kindly provided by Dr Huashun Li from Tongji University,

Shanghai, China. All CRC cell lines and HEK293T were maintained in

DMEM supplemented with 10% FBS, 100 lg/mL penicillin, and

100 units/mL streptomycin. The 104-compound library and IKK-16

were purchased from Selleck Chemicals (Houston, TX, USA). Doxoru-

bicin (DOX), mefloquine (Mef), and tumor necrosis factor alpha

(TNF-a) were purchased from Sigma-Aldrich (St Louis, MO, USA).

2.2 | Plasmid construction and gene transfection

Human constitutively activated IKKb (CA-IKKb) gene was generated

and cloned into pcDNA3.1 vector with a Flag tag as previously

described.15 A NF-jB luciferase construct (pNF-jB-Luc) driven by

specific NF-jB response elements was purchased from Beyotime

Biotechnology Institute (Nantong, China). siRNAs against IKKb

(siIKKb) and the negative control (siNC) were purchased from

Guangzhou Ribobio Co., Ltd (Guangzhou, China). Target sequences of

siIKKb#1 and siIKKb#2 were 50-GGAACAGTGAAGTTCTCAA-30 and

50-GGAGAAGCCAAGAGACCAA-30, respectively.

Plasmids or siRNAs were transiently transfected into HEK293T

or HCT116 cells by Lipofectamine 2000 (Invitrogen, Carlsbad, CA,

USA) according to the manufacturer’s instructions.

2.3 | Luciferase assay

HEK293T cells were transfected with pNFjB-Luc or empty vector

along with the internal control Renilla luciferase by Lipofectamine

2000 (Invitrogen) according to the manufacturer’s instructions.

Twenty-four hours later, cells were incubated with indicated drugs

for 12 hours, and then cell lysates were prepared for luciferase assay

using Dual-Luciferase� Reporter Assay System (Promega, Madison,

WI, USA) as described previously.16,17

2.4 | Immunoblotting

Whole cell lysates were prepared for immunoblotting as described pre-

viously.17-19 Equal amounts of total proteins (30 lg) were subjected to

SDS-PAGE separation, followed by immunoblotting analysis with

specific antibodies. Primary antibodies against p-p65 (Ser536), p65,

p-IjBa (Ser32), IjBa, p-IKKa/b (Ser176/180), IKKa, IKKb, PARP,

Cleaved-Caspase 3, Bcl-2, MCL1, XIAP and Bim were purchased from

Cell Signaling Technology (Danvers, MA, USA). Anti-GAPDH was pur-

chased from Abgent (Suzhou, China). Anti-mouse IgG and anti-rabbit

IgG HRP conjugated antibody were purchased from Santa Cruz

Biotechnology, Inc. (Santa Cruz, CA, USA).

2.5 | Quantitative real-time polymerase chain
reaction (qRT-PCR)

Total RNA was extracted using RNAiso Plus (Takara Bio Group, Otsu,

Japan) according to the manufacturer’s instructions. cDNA was synthe-

sized from equal quantities of total RNA using the PrimeScriptTM RT

reagent Kit with gDNA Eraser (Takara Bio Group). To determine mRNA

levels of Cyclin D1, Bcl-2 and XIAP, qRT-PCR was carried out using

SYBR Green qPCR Master Mix (Clontech Laboratories, Inc., Mountain

View, CA, USA) with Roche LightCycler� 480II real-time PCR system

(Roche, Basel, Switzerland). The primers used were as follows: Cyclin

D1, forward 50-AGCTGTGCATCTACACCGAC-30 and reverse 50-GAAAT

CGTGCGGGGTCATTG-30; Bcl-2, forward 50-CTGGGAGAACAGGG

TACGATAA-30 and reverse 50-GGCTGGGAGGAGAAGATGC-30; XIAP,

forward 50-TGGCAGATTATGAAGCAC-30 and reverse 50-CTCCTCCACA

GTGAAAGC-30; GAPDH, forward 50-GCACCGTCAAGGCTGAGAAC-30

and reverse 50-TGGTGAAGACGCCAGTGGA-30.

2.6 | Cell growth and viability

Colorectal cancer cells were plated at a start density of 5000 cells

per well into 96-well plates 1 day before Mef or DOX treatment.

Cells were incubated for 24 hour with Mef or DOX at indicated
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concentrations. The viable cells were evaluated by Cell Counting Kit-

8 (CCK-8) staining according to the manufacturer’s instructions (Bio-

tool, Houston, TX, USA).

2.7 | Kinase activity in cell-free assay

Kinase activity in the presence of Mef or IKK-16 was measured

using a Kinase-Glo Luminescent Kinase Assay (Promega) as described

previously.20

2.8 | Xenograft studies

Human CRC cells HCT116 were injected s.c. into the right flanks of

female nude mice (5-6 weeks old; Shanghai SLAC Laboratory Animal

Co. Ltd, Shanghai, China) with a density of 5 million cells/site per

mouse. When tumors were palpable, mice were randomly divided

into 2 groups. One group orally received Mef (30 mg/kg) in PBS

containing 10% Tween 80 and 10% DMSO, and the other group

was given vehicle for 20 days. At the same time, tumor sizes were

measured every other day. At the end of the experiment, tumors

were excised for immunoblotting. This animal study was approved

by the Review Board of Animal Care and Use of Suzhou Institute of

Systems Medicine.

2.9 | Immunofluorescence staining

HCT116 cells were cultured on sterile glass coverslips in 6-well plates

to 80% confluence in DMEM. HCT116 cells were then starved over-

night, followed by incubation with mefloquine or DMSO for 2 hours.

Cells were then treated with 50 ng/mL TNF-a or DMSO for 20 min-

utes. Finally, the cells were subjected to confocal microscopic analysis.

For confocal microscopic analysis, cells were fixed in 4% paraformalde-

hyde at room temperature for 10 minutes and permeabilized in 0.5%

Triton-100 for 5 minutes. Cells were then blocked in TBS containing

3% BSA for 1 hour at room temperature before being stained with

anti-p-p65 overnight at 4°C. Cells were then gently washed and incu-

bated with FITC-conjugated goat anti-rabbit IgG (Beyotime Biotech-

nology Ltd). After 3 brief washes with PBS, slides were stained with

5 lg/mL DAPI for 10 minutes. After 3 more washes with PBS, the

slides were mounted with Slowfade gold anti-fade reagent (Invitrogen).

Protein expression was visualized on Leica confocal microscopy.

2.10 | Statistical analysis

Student’s t test was used for comparisons of the 2 groups. All statisti-

cal tests were 2-sided and P-value < .05 was considered statistically

significant.

Mef

(A)

(B)

**
(C)

Mefloquine (Mef)

NFκB-Luc

Mef (μmol/L)

*
**

*

TNFα (50 ng/mL)
– + + + + + +
– – – – + + +
0 0 15 30 0 15 30

F IGURE 1 Antimalarial drug mefloquine inhibited nuclear factor kappa B (NF-jB)-driven transactivation. A, HEK293T cells were transfected
with luciferase reporter driven by NF-jB response elements for 24 h, and treated with 104 drugs or DMSO for 12 h. Luciferase activity was
determined using the Dual-Luciferase Reporter Assay System. B, Chemical structure of mefloquine (Mef). C, HEK293T cells were transfected
with vector or NFjB-luc by Lipofectamine 2000 (Invitrogen) for 24 h. Cells were then treated with 0, 15, or 30 lmol/L mefloquine for 12 h.
Luciferase activity was measured followed by stimulation with tumor necrosis factor alpha (TNF-a) or control vehicle for 20 min. *P < .05,
**P < .01
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3 | RESULTS

3.1 | Mefloquine inhibits NF-jB in colorectal cancer
cells

To find novel inhibitors for the NF-jB signaling pathway, a lucifer-

ase reporter system driven by the NF-jB response elements was

used to screen a library of 104 FDA-approved anti-infectious drugs.

As shown in Figure 1A and Table S1, a number of compounds from

the library decreased luciferase activity significantly in HEK293T

cells transfected with the reporter. Among them, the antimalarial

drug mefloquine reduced luciferase activity more than 2-fold and

also decreased cell viability, so was selected for further assessment

(Figure 1A,B; Figure S1). As shown in Figure 1C, mefloquine inhib-

ited both spontaneous and TNF-a-induced NF-jB-driven luciferase

activities dose-dependently, and was therefore an effective NF-jB

inhibitor.

We then examined the effects of mefloquine on the growth

of the 5 lines of CRC cells by using the CCK-8 assay. Although

all the cells underwent a concentration-dependent growth inhibi-

tion, HCT116, RKO, and Lovo cells were significantly more sensi-

tive to the compound when compared with HT-29 and SW620
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F IGURE 2 Mefloquine (Mef) suppresses nuclear factor kappa B (NF-jB) activity in colorectal cancer cells. A, CRC cells HT-29, HCT116,
RKO, SW620 and Lovo were treated with the indicated concentrations of mefloquine for 24 h. Their viability was then measured by CCK-8
assay. B, Immunoblotting analysis of NF-jB signaling components p-p65, p65, IKBa, IKKa, IKKb, and IKKc in the 5 lines of CRC cells. GAPDH
was used as a loading control. C, After exposure to increased concentrations of mefloquine overnight, HCT116 and RKO cells were lysed and
analyzed by immunoblotting against p-p65 and p65. GAPDH was used as a loading control. D, Following starvation overnight in serum-free
medium, HCT116 and RKO cells were incubated with 30 lmol/L mefloquine for the indicated times, then stimulated with tumor necrosis
factor alpha (TNF-a; 50 ng/mL) for 20 min. The cells were lysed and analyzed by immunoblotting of p-p65, p65 and GAPDH. E, mRNA levels
of Cyclin D1, Bcl-2 and XIAP were measured by qRT-PCR in RKO cells treated with 0, 5, 15 or 30 lmol/L mefloquine overnight. IKK, IjB
kinase
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cells (Figure 2A). Immunoblotting showed that NF-jB p65 and

IjBa were expressed in all the cells (Figure 2B). However, only

HCT116, RKO, and Lovo cells contained high levels of phosphory-

lated p65 (p-p65) and the IjB kinase components IKKa, IKKb,

IKKc, (Figure 2B), indicative of NF-jB activation in these cells.

After treatment with mefloquine, phosphorylated p65 in HCT116

and RKO cells was decreased dose-dependently (Figure 2C). Note-

worthily, TNF-a increased phosphorylated p65 in these cells,

which was also abolished by pretreatment with mefloquine (Fig-

ure 2D; Figure S2). Furthermore, the expression of NF-jB target

genes Cyclin D1, Bcl-2 and XIAP was assessed by RT-qPCR. As

shown in Figure 2E, their levels were downregulated significantly

by mefloquine. These results indicated that mefloquine is a NF-jB

inhibitor in CRC cells.

3.2 | Mefloquine inhibits IKK activation

To understand the mechanisms of inhibiting p65 phosphorylation

and NF-jB transactivation by mefloquine, we examined the statuses

of upstream regulatory molecules IjBa, IKKa and IKKb in RKO and

HCT116 cells.21 As shown in Figure 3A, exposure to mefloquine for

15 minutes resulted in a significant decrease of phosphorylated IjBa,

which is required for its ubiquitination and proteasomal degrada-

tion22 and, by 30 minutes, the decrease reached a plateau. Meflo-

quine-induced reduction of p-IjBa was also dose-dependent and

accompanied by an increase of total IjBa (Figure 3B). Interestingly,

although the levels of total IKKa and IKKb were not affected, phos-

phorylated IKK was mostly diminished upon mefloquine treatment

(Figure 3B). We also assessed IKK activity from HCT 116 cells by

anti-IKKb antibody immunoprecipitation and in vitro kinase assay. As

shown in Figure 3C, although 60 nmol/L IKK inhibitor IKK-16

decreased kinase activity by ~50%, 30 lmol/L mefloquine did not

markedly reduce IKK activity. Taken together, these data indicated

that the drug acted by blocking IKK activation.

To further assess the role of IKK inhibition, a constitutively acti-

vated IKKb (CA-IKKb) was generated and transfected into HCT116

cells.15 As shown in Figure 3D, transfection of CA-IKKb led to

increase of phosphorylated IjBa and decrease of total IjBa. More-

over, mefloquine-induced decrease of p-IjBa and p-p65 was mark-

edly reversed in CA-IKKb-expressing cells (Figure 3E). These results

indicated that blocking IKK activation is critical for the inhibitory

action of mefloquine on NF-jB signaling.

3.3 | Mefloquine induces apoptosis in CRC cells

The inhibitory action of mefloquine on IKK and NF-jB activation

prompted us to further examine its effects on the growth and sur-

vival of CRC cells. As shown in Figure 4A, exposing HCT116, RKO

and Lovo cells to mefloquine for 12 hours led to a significant

increase of annexin V+ population in all 3 lines of cells. We then

assessed the statuses of caspase-3 and caspase substrate PARP in

these cells by immunoblotting. Mefloquine induced activation of
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F IGURE 3 Mefloquine (Mef) inhibits IKK activation. A, After treatment with 30 lmol/L mefloquine for different times, HCT116 and RKO
cells were analyzed by immunoblotting of p-IjBa, IjBa and GAPDH. B, HCT116 and RKO cells were treated with the indicated amounts of
mefloquine overnight and then analyzed by immunoblotting of p-IjBa, IjBa, p-IKK, IKKa and IKKb. GAPDH was used as a loading control. C,
IKKb activity analyses in a cell-free system. Increasing concentrations of Mef or 60 nmol/L IKK-16 were incubated with the recombinant IKKb.
Kinase activity of IKKb was then determined. D, Empty vector (EV) or Flag-CA-IKKb plasmids were transfected into HCT116 cells, which were
lysed for immunoblotting against Flag, p-IjBa, IjBa and GAPDH. E, After transfection with EV or Flag-CA-IKKb plasmids for 24 h, HCT116
cells were treated with the indicated concentrations of mefloquine overnight and then analyzed by immunoblotting against p-IjBa, IjBa,
p-p65, p65, Flag and GAPDH. IKK, IjB kinase
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caspase-3 and cleavage of PARP dose-dependently (Figure 4B).

Immunoblotting also showed that the apoptosis-inhibiting proteins

Bcl-2, MCl-1, and XIAP were all downregulated, whereas the pro-

apoptotic BH3-only protein Bim was elevated in mefloquine-treated

cells (Figure 4C). These data showed that mefloquine induced apop-

tosis of these CRC cells. Furthermore, when HCT116 cells were

transfected with CA-IKKb, mefloquine-induced cell death was signifi-

cantly attenuated, suggesting the involvement of IKK inhibition in

the process (Figure 4D,E).

To evaluate the anti-tumor effect of mefloquine in vivo,

HCT116 cells were inoculated s.c. into the right flanks of nude

mice. When the xenografts became palpable, mice were orally

given mefloquine (30 mg/kg bodyweight) or vehicle for a

continuous 20 days. As shown in Figure 5A, the drug markedly

reduced tumor growth. Tumor volumes of the 2 groups showed a

significant difference on day 9 (P < .05), and the difference

became bigger thereafter. At the end of the experiment (day 20),

tumors were excised and weighed. Average weight of tumors from

the mefloquine-treated group was reduced to 25% of that from

the control group (Figure 5B,C). Furthermore, immunoblotting anal-

ysis of the excised tumors showed that tumors from the control

animals contained high levels of phosphorylated p65, which was

barely detectable in tumors from mefloquine-treated mice (Fig-

ure 5D). Thus, mefloquine is a potent anti-CRC agent that induces

apoptotic cell death in vitro and in vivo through blocking activa-

tion of IKK.
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F IGURE 4 Mefloquine (Mef) induces colorectal cancer cell apoptosis. A, HCT116, RKO and Lovo cells were treated with mefloquine for
12 h and then stained with Annexin V-FITC and propidium iodide. Percentages of annexin V+ are indicated in the scatterplot (right low and
upper quadrants). B, HCT116 and RKO cells were incubated with 0, 5, 15, 30 lmol/L mefloquine overnight and then evaluated by
immunoblotting against PARP, cleaved-caspase 3 and GAPDH. C, HCT116 and RKO cells were treated with 0, 5, 15, 30 lmol/L mefloquine
overnight and then analyzed by immunoblotting against anti-apoptotic (Bcl-2, Mcl1 and XIAP) and pro-apoptotic (Bim) proteins. GAPDH was
used as a loading control. D, Empty vector (EV) or CA-IKKb plasmids were transfected into HCT116 cells. Cells were treated with indicated
concentrations of mefloquine overnight and then evaluated by CCK-8 assay. IKK, IjB kinase. *P < .05; **P < .01, as compared with control. E,
Empty vector (EV) or CA-IKKb plasmids were transfected into HCT116 cells. The cells were treated with indicated concentrations of
mefloquine overnight and then evaluated by immunoblotting against PARP, p-IjBa, IjBa, Flag and GAPDH
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F IGURE 5 Mefloquine (Mef) inhibits the growth of colorectal cancer cell-derived tumors in vivo. A, HCT116 cells (5 9 106) were
inoculated s.c. into nude mice. When the tumors became palpable, mice were randomly divided into 2 groups (n = 6/group). One group was
orally given mefloquine (30 mg/kg bodyweight) in PBS containing 10% Tween 80 and 10% DMSO daily for a continuous 20 days. Another
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excised at the end of the experiment and (C) their weights were measured. D, Tumor tissues were analyzed by immunoblotting of p-p65 and
p65. GAPDH was used as an internal control
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F IGURE 6 Mefloquine (Mef) enhances the cytotoxicity of doxorubicin against colorectal cancer cells. A, B, HCT116 and RKO cells were
treated with 500 nmol/L doxorubicin overnight in the presence or absence of 15 lmol/L mefloquine. The cells were assessed by (A) CCK-8
assay for viability or (B) immunoblotting against PARP, p-p65, p65, and GAPDH. C, D, HCT116 cells were transfected with siNC, siIKKb#1 or
siIKKb#2 for 48 h and then treated with doxorubicin overnight. Cells were evaluated with the CCK-8 assay for viability, and immunoblotting
against IKKb. GAPDH was used as a loading control. IKK, IjB kinase

1226 | XU ET AL.



3.4 | Mefloquine enhances the cytotoxic action of
DOX against CRC cells

Doxorubicin is one of the most commonly used chemotherapeutics

for many cancers including CRC. Development of resistance to the

drug has been frequently found in various experimental models and

clinically.23 The finding that downregulation of NF-jB sensitized can-

cer cells to anti-cancer drugs led us to examine whether mefloquine

affected the effect of doxorubicin on CRC cells.24-26 As shown in

Figure 6A, doxorubicin or mefloquine alone led to ~25% and ~50%

reduction of viability, respectively, in both HCT116 and RKO cells as

measured by CCK-8 assay. When the cells were treated with both

drugs simultaneously, the viability reduction increased to ~80%.

Mefloquine and doxorubicin also acted synergistically to inhibit p65

phosphorylation and to induce PARP cleavage (Figure 6B), showing

that mefloquine significantly enhanced the cytotoxic action of

doxorubicin.

Use was also made of the genetic approach to explore the syner-

gistic action. Two siRNAs were selected to knock down IKKb in

HCT116 cells (Figure 6C). Although cell viability assessed by CCK-8

decreased to only ~80% when HCT116 cells were treated with dox-

orubicin alone overnight, it decreased markedly to ~40% with IKKb

knockdown in the system. Therefore, blocking the NF-jB pathway

enhances the cytotoxic activity of doxorubicin, which likely accounts

for the synergistic action of mefloquine.

4 | DISCUSSION

Colorectal cancer presents a specific challenge in the clinic because

of its high incidence rate and demands long period of chemotherapy.

It is not uncommon to have CRC patients with metastasized tumor

and rising serum levels of carcinoembryonic antigen (CEA) seeking

treatment. Thus, novel, effective and low toxicity drugs are urgently

needed to treat CRC. It has been indicated that repurposing existing

drugs will enable us to cut down the time and financial limitations

of advancing an anti-cancer program from hits and leads to clinical

candidates. In fact, successful lists are growing impressively,27

including the discovery that the anti-diabetic drug metformin has

significant anti-neoplastic action.28 We started with screening for

compounds that inhibit NF-jB-mediated transactivation and found

that the antimalarial drug mefloquine blocked NF-jB activation and

induced apoptosis in colorectal cells harboring constitutively acti-

vated p65. Thus, it is conceivable that the drug widely used for

malaria prevention and treatment might be tried for CRC that are

addicted to activated NF-jB. Interestingly, it has been found that

mefloquine induced breast cancer cell death by inhibiting autophagy,

killed prostate cancer cells by reactive oxygen species (ROS)-

mediated mechanisms, and inhibited the proliferation of gastric can-

cer cells through blocking the PI3K/Akt/mTOR signaling pathway.29-

31 Therefore, mefloquine appears to be an effective agent for many

types of cancers, although it remains to be determined whether

there is a common mechanism responsible for its action in different

cancer cells. It was also shown that mefloquine may target the 80S

ribosome of Plasmodium falciparum to inhibit protein synthesis.32

Whether similar action of mefloquine takes place in mammalian cells

and contributes to its anti-CRC action remains to be further investi-

gated. Noteworthily, a number of anti-cancer and anti-inflammation

agents have been found as effective anti-parasite chemicals,33

whereas anti-leishmanial thiadiazine derivatives and anti-plasmodium

are potent anti-neoplastic agents,34-36 suggesting that we should

cross-examine more therapeutic agents in both parasites and cancer

systems.

NF-jB is activated in many different cancers, and has been

reported to be overexpressed in 50%-75% of CRC.37 Its activation

is also related to resistance to chemotherapeutics and poor progno-

sis of patients with CRC.38 Hence, the NF-jB pathway is widely

regarded as an attractive therapeutic target in a broad range of

malignancies including CRC. Strategies that target upstream recep-

tors, IKK activation, IjBa phosphorylation and degradation, p65/p50

nuclear translocation, NF-jB-DNA binding, and NF-jB transactiva-

tion have all been developed and reported. Besides antibodies and

recombinant proteins that block receptor activation on the cell sur-

face, it has been estimated that more than 1000 natural or syn-

thetic compounds have been identified as inhibitors of the NF-jB

signaling pathway.39,40 The IKK complex has been the focus of

many inhibitors because of its critical role as the integrator of vari-

ous signals that modulate NF-jB activity.41 However, kinase inhibi-

tors have not achieved any clinical success, presumably as a result

of global suppression of NF-jB and its various biological functions,

leading to severe dose-limiting toxicities. As mefloquine is a widely

used antimalarial drug whose most notable side-effects are neuro-

logical and/or psychiatric, it is conceivable that blocking the activa-

tion of IKK through certain pathways may avoid the toxicity

associated with global inhibition of IKK and NF-jB. Although a

number of different mechanisms, such as inhibiting cholinesterases,

interacting with adenosine A(2A) receptors, oxidative damage, and

blocking non-receptor tyrosine kinase 2, have been proposed for

the antimalarial action of mefloquine,42 it is not clear how meflo-

quine affects IKK activation. As the concentrations of mefloquine

we used in inhibiting NF-jB in vitro and in vivo were in the same

range as the clinical antimalarial dose (30 mg/kg bodyweight), the

drug might exert anti-CRC action without the side-effects of global

NF-jB inhibition. The combination of mefloquine with other anti-

cancer agents, such as doxorubicin, might also be worth further

investigation.
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