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Mangiferin enhances the sensitivity of human multiple
myeloma cells to anticancer drugs through suppression
of the nuclear factor kB pathway
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Abstract. Multiple myeloma (MM) is still an incurable hema-
tological malignancy with a 5-year survival rate of ~35%,
despite the use of various treatment options. The nuclear
factor kB (NF-kB) pathway plays a crucial role in the patho-
genesis of MM. Thus, inhibition of the NF-xB pathway is a
potential target for the treatment of MM. In a previous study,
we showed that mangiferin suppressed the nuclear translo-
cation of NF-kB. However, the treatment of MM involves a
combination of two or three drugs. In this study, we examined
the effect of the combination of mangiferin and conventional
anticancer drugs in an MM cell line. We showed that the
combination of mangiferin and an anticancer drug decreased
the viability of MM cell lines in comparison with each drug
used separately. The decrease in the combination of mangiferin
and an anticancer drug induced cell viability was attributed
to increase the expression of p53 and Noxa and decreases the
expression of XIAP, survivin, and Bcl-xL proteins via inhibi-
tion of NF-xB pathway. In addition, the combination treatment
caused the induction of apoptosis, activation of caspase-3 and
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the accumulation of the cells in the sub-G1 phase of the cell
cycle. Our findings suggest that the combination of mangiferin
and an anticancer drug could be used as a new regime for the
treatment of MM.

Introduction

Multiple myeloma (MM) is a B cell malignancy characterized
by clonal proliferation of plasma cells in the bone marrow (1).
MM is the most common hematological malignancy, second
only to non-Hodgkin's lymphoma and accounts for 10% of all
hematological malignancies and 1% of all cancers (2). MM
treatment comprises vincristine/adriamycin/dexamethasone or
melphalan/prednisolone chemotherapy and novel agents such
as thalidomide, lenalidomide, pomalidomide, and bortezomib
(3,4). However, MM remains an incurable disease with a
5-year survival rate of ~35% (5). In addition, most of the drugs
used for MM treatment have side effects that limit their utility.
Thus, there remains an unmet need for novel therapies for MM
treatment.

The nuclear factor kB (NF-kB) pathway plays a crucial role
in the survival, growth, and drug resistance of different types
of cancers, including MM (6,7). Constitutive NF-kB activity is
present in human MM cell lines and cells of the MM patients
(8). The NF-«kB family includes RelA (p65), RelB, c-Rel, p50
(NF-«BI), and p52 (NF-kB2) proteins (9). NF-kB is typi-
cally a heterodimer composed of p50 and p65 subunits and
is constitutively present in the cytosol and the nucleus. In the
cytosol, NF-«xB is inactivated by its association with inhibitor
of NF-xB (IkB) (10). Upon stimulation, IkB is phosphorylated
by IkB kinases marking it for proteasomal degradation and
thereby allowing nuclear translocation of NF-xB (5,11). Then,
NF-«xB binds to specific DNA sequences and promotes the
transcription of its target genes (12). The NF-kB pathway
regulates the gene expression of cell cycle regulators (c-Myc,
cyclin D, cyclin E, p21, and p27) and anti-apoptotic molecules
[B cell leukemia 2 (Bcl-2), B cell leukemia-xL (Bcl-xL),
x-linked inhibitor of apoptosis (XIAP), and c-IAP] (13,14).
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Recent studies have reported that NF-kB inhibitors induced
apoptosis in hematopoietic tumor cells through downregula-
tion of anti-apoptotic proteins (15). Therefore, the inhibition
of NF-«B signaling is a potential target for the treatment of
MM.

Recently, plant and plant-derived drugs have been
recognized as one of the most attractive approaches for
cancer therapy (16). In addition, many drugs derived from
plants have been shown to be useful and effective in sensi-
tizing tumors to conventional agents, prolonging survival
time, and preventing the side effects of chemotherapy
(17,18). Mangiferin, 1,3,6,7-tetrahydroxyxanthone-C2-f-D-
glucoside, is a compound extracted from plants belonging
to the Anacardiaceae and Gentianaceae families, including
Mangifera indica L. (19). Mangiferin has been reported to
have various bioactivities, such as anti-oxidant, antitumor,
antidiabetic, anti-inflammatory, and immunomodulatory
activities (19). Previous studies have revealed that mangiferin
has anticancer effects in acute myeloid leukemia (AML) cell
lines (20). In addition, we showed that mangiferin induced
apoptosis by inhibiting the nuclear translocation of NF-kB.
However, the treatment of MM involves a combination of
two or three drugs, including adriamycin, vincristine, and
melphalan. In this study, we examined the effect of the combi-
nation of mangiferin and conventional anticancer drugs in
MM cell lines.

Materials and methods

Materials. Mangiferin (C,,H,;O,,) and melphalan were
purchased from Sigma (St. Paul, MN, USA), and dissolved
in dimethyl sulfoxide. These reagents were dissolved in
phosphate-buffered saline (PBS) and filtered through 0.45-ym
syringe filters (Iwaki Glass, Tokyo, Japan) before use in the
experiments described below.

Adriamycin and vincristine were purchased from Sigma.
These reagents were dissolved in PBS and used for the various
assays described below.

Cell culture. IM9 cells and RPMI8226 were obtained from
Health Science Research Resources Bank (Osaka, Japan). IM9
cells were cultured in RPMI-1640 medium (Sigma) containing
10% fetal bovine serum (Gibco, Carlsbad, CA, USA),
100 pg/ml penicillin (Gibco), 100 U/ml streptomycin (Gibco),
and 25 mM 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic
acid (Wako, Osaka, Japan). All cell lines were maintained at
37°C in an atmosphere containing 5% CO,.

Trypan blue exclusion assay. The cells were plated in 96-well
plates at 2x10* cells/ml and treated with mangiferin, anticancer
drugs, a combination of both, or without mangiferin (control).
After incubation, the cells were stained with trypan blue and
the number of stained cells was counted at days one, three,
and five.

Western blotting

Preparation of nuclear extracts for NF-kB. The cells treated
with mangiferin, anticancer drugs, a combination of both,
or without mangiferin (control) were washed with cold PBS
and lysed using a lysis buffer containing 100 mM Tris-HCI
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(pH 7.4), 1 mM EDTA, 0.5% NP-40, 1 uM pepstatin, 1 uM
leupeptin, 2 mM sodium orthovanadate, 1 M calpain
inhibitor, phosphatase inhibitor cocktail I/II, and 1 mM
phenylmethylsulfonyl fluoride (PMSF). The lysates were
centrifuged at 14,000 rpm for 5 min, and the supernatant,
which contained the cytoplasmic extracts, was stored at -80°C.
The nuclear pellet was resuspended in cold nuclear extraction
buffer for 30 min. The extract was centrifuged at 14,000 rpm
for 5 min, and the supernatant containing the nuclear extract
was obtained. The proteins were measured using the BCA
protein assay kit (Pierce, Rockford, IL, USA). Total cellular
proteins (30 ug of protein) from the cytoplasmic or the nuclear
extract were separated using 10% sodium dodecyl sulfate
(SDS) polyacrylamide gels. The proteins were transferred
to polyvinyl difluoride (PVDF) membranes (Amersham,
Arlington Heights, IL, USA). The membranes were blocked
with 5% skim milk and incubated overnight at 4°C with rabbit
anti-human NF-xB p65 (Cell Signaling Technology, Beverly,
MA, USA) and rabbit anti-human lamin A/C antibodies (Santa
Cruz Biotechnologies, Santa Cruz, CA, USA). After binding to
an appropriate horseradish peroxidase-conjugated secondary
antibody, the proteins were visualized using Luminata Forte
Western HRP Substrate (Millipore, MA, USA) according to
the manufacturer's instructions.

Preparation of whole cell lysates. The cells treated with
mangiferin, anticancer drugs, a combination of both, or
without mangiferin (control) were washed with cold PBS and
lysed with a lysis buffer containing 100 mM Tris-HCI (pH 7.4),
1 mM EDTA, 0.5% NP-40, 1 uM pepstatin, 1 uM leupeptin,
2 mM sodium orthovanadate, 1 M calpain inhibitor, phos-
phatase inhibitor cocktail I/II, and 1 mM PMSF. The proteins
were measured using the BCA protein assay kit (Pierce). The
extracts (30 ug of protein) were separated using 10% SDS poly-
acrylamide gels. The proteins were then transferred to PVDF
membranes (Amersham). The membranes were blocked with
5% skim milk and incubated overnight at 4°C with each of
the following antibodies: rabbit anti-human phospho-p44/42
mitogen-activated protein kinase (MAPK, ERK1/2), rabbit
anti-human p44/42 MAPK (ERK1/2), mouse anti-human
phospho-IkB, rabbit anti-human IxB, rabbit anti-human
phospho-stress-activated protein kinase/c-jun N-terminal
kinase (JNK1/2), rabbit anti-human JNK1/2, rabbit anti-human
cyclin D, rabbit anti-human cyclin E, rabbit anti-human XIAP,
rabbit anti-human survivin (Cell Signaling Technology), mouse
anti-human B-actin (Sigma), rabbit anti-human p53, rabbit
anti-human p21, rabbit anti-human p27, rabbit anti-human
PUMA, rabbit anti-human NOXA, rabbit anti-human Bcl-xL,
rabbit anti-human Bax, rabbit anti-human Bim, and rabbit anti-
human Bcl-2 (Santa Cruz Biotechnologies). After binding of
an appropriate horseradish peroxidase-conjugated secondary
antibody, the proteins were visualized using Luminata Forte
Western HRP Substrate (Millipore) according to the manufac-
turer's instructions.

Flow cytometry. The cells treated with mangiferin, anticancer
drugs, a combination of both, or without mangiferin (control)
were washed with cold PBS, and fixed in 70% ethanol. The
cells were resuspended in PBS and 50 pg/ml propidium iodide
was added. Then, the samples were measured on a BD-LSR
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Figure 1. Mangiferin, adriamycin, vincristine, and melphalan decrease the viability of IM9 cells and RPMI8226 cells. (A) IM9 cells were treated with mangiferin
(5-50 pug/ml), adriamycin (0.1-10 xM), vincristine (5 nm-1 xM), and melphalan (1-5 yM). (B) RPMI8226 cells were treated with mangiferin (25-200 ug/ml),
adriamycin (0.1-10 #M), vincristine (5 nm-1 M), and melphalan (1-5 pM). Then, trypan blue exclusion assay was performed in IM9 cells and RPMI8266 cells
after one, three, and five days. The results are expressed as the mean + standard deviation (SD) of three experiments performed in triplicate. “p<0.05 compared

with control.

flow cytometer (BD Biosciences, CA, USA). Cell cycles were
analyzed on Cell Quest software (BD Biosciences).

Analysis of apoptosis by flow cytometry. Measurement of
cells undergoing apoptosis was performed with the Muse™
Annexin V and Dead Cell Assay kit (Merck Millipore,
Darmstadt, Germany), according to the manufacturer's instruc-
tions. The cells were treated with mangiferin, anticancer drugs,
a combination of both, or without mangiferin (control) for
48 h. Then, Muse Annexin V and dead cell reagent was added.
After incubation for 20 min at room temperature, apoptotic
cells were applied to a Muse Cell Analyzer (Merck Millipore).

Measurement of the proteolytic activity of caspase-3. The
activity of caspase-3 was determined using the caspase-3/
CPP32 fluorometric assay kit (BioVision Mountain View, CA,
USA) according to the manufacturer's instructions. The cells
were treated with mangiferin, anticancer drugs, a combination
of both, or without mangiferin (control) for 36 h. Then, the cells
were washed in PBS and lysed using the lysis buffer provided
in the kit. The cell lysates were centrifuged at 14,000 rpm for

5 min, and the reaction buffer containing 1 mM Asp-Glu-Val-
Asp-7-amino-4-trifluoromethylcoumarin was added to the
supernatants and incubated at 37°C for 2 h. Subsequently, the
absorbance was measured using a fluorescence spectropho-
tometer (Hitachi, Tokyo, Japan) at an emission wavelength of
505 nm and an excitation wavelength of 400 nm.

Statistical analysis. All results are expressed as means + stan-
dard deviation of several independent experiments. Multiple
comparisons of the data were performed using analysis of
variance with Dunnett's test. P-values <5% were considered
significant.

Results

Mangiferin, adriamycin, vincristine, and melphalan decrease
the viability of the MM cell line. The effects of mangiferin
and the three anticancer drugs (adriamycin, vincristine, and
melphalan) on the viability of the MM cell lines (IM9 and
RPMI8226) as determined by the trypan blue exclusion assay
are shown in Fig. 1. IM9 cells were treated in the absence
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Figure 2. Mangiferin enhances the effect of anticancer drugs on MM cell lines. (A) IMO cells were treated with mangiferin (5 yg/ml) or adriamycin (0.5 uM),

vincristine (5 nM), and melphalan (1.5 M), or a mixture of mangiferin with

an anticancer drug. (B) RPMI8226 cells were treated with mangiferin (25 yg/ml)

or adriamycin (0.5 M), vincristine (5 nM), and melphalan (1.5 gM), or a mixture of mangiferin with an anticancer drug. Then, trypan blue exclusion assay

was performed in IM9 cells and RPMI8226 cells after one, two, and three
experiments performed in triplicate. “p<0.05 compared with control.

(control) or presence of mangiferin (5-50 pg/ml), adriamycin
(0.1-10 M), vincristine (5 nM-1 M), or melphalan (1-5 M).
After three days, the viability of IM9 cells treated with 5, 10,
25, and 50 uM mangiferin was 80.5, 76.3, 63.3 and 45.3%,
respectively, whereas that after five days was 67.2, 24.5, 19.3
and 16.3%, respectively. After three days, the viability of IM9
cells treated with 5, 10, 25, and 50 yM adriamycin was 85.5,
78.0, 45.4 and 28.9%, respectively, whereas that after five days
was 83.1, 74.3, 30.2 and 9.7%, respectively. Vincristine and
melphalan showed results similar to those observed with
adriamycin. In addition, RPMI8226 cells also showed results
similar to those observed with IM9 cells (Fig. 1B). These
results indicated that mangiferin, adriamycin, vincristine,
and melphalan decreased the viability of MM cell lines in a
concentration-dependent manner.

days. The results are expressed as the mean + standard deviation (SD) of three

Mangiferin enhances the sensitivity of human multiple
myeloma cells to anticancer drugs. The effects of mangiferin,
the three anticancer drugs, and the combination of each anti-
cancer drug and mangiferin on the viability of the MM cell
lines (IM9 and RPMI8226) were determined by trypan blue
exclusion assay and are shown in Fig. 2. IM9 cells were treated
with either mangiferin (5 ug/ml), adriamycin (0.5 M),
vincristine (5 nM), melphalan (1.5 M), or combination of
mangiferin with an anticancer drug. After three days, the
viability of IM9 cells treated with 5 yg/ml mangiferin,
0.5 M adriamycin, or combination of both was 72.0, 69.8
and 45.0%, respectively. The combination of mangiferin and
vincristine or melphalan showed results similar to those
observed with adriamycin. In addition, RPMI8226 cells
also showed results similar to those observed with IM9
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Figure 3. The combination of mangiferin and an anticancer drug suppresses the nuclear translocation of NF-«B. (A) IM9 cells were treated with mangif-
erin (5 pug/ml) or adriamycin (0.5 yM), vincristine (5 nM), and melphalan (1.5 pM), or a mixture of mangiferin with an anticancer drug for three days.
(B) RPM18226 cells were treated with mangiferin (25 yg/ml) or adriamycin (0.5 #M), vincristine (5 nM), and melphalan (1.5 M), or a mixture of mangiferin
with an anticancer drug for three days. The expression of NF-kB, and, phospho-IkB was detected using western blotting. The expression of IkB, Lamin A/C,

and B-actin were used as internal controls.

cells (Fig. 2B). These results show that the combination of
mangiferin and an anticancer drug significantly reduced the
viability of the MM cell line in comparison to the use of
each of these drugs separately.

The combination of mangiferin and an anticancer drug
suppresses the nuclear translocation of NF-xB. In a previous
study, we showed that mangiferin inhibits the nuclear translo-
cation of NF-kB in AML cell lines (20). However, mangiferin
did not affect the levels of ERK1/2, Akt, and p38MAPK phos-
phorylation. To clarify the molecular mechanisms underlying
the effects of combination of mangiferin and other anticancer
drugs, we investigated the nuclear translocation of NF-xB and
expression of phosphorylated IkB and IkB proteins by using
western blotting. Our results showed that the combination
of mangiferin and each of the other anticancer drugs signifi-
cantly suppressed the nuclear translocation of NF-«kB (Fig. 3).
Further, we observed no changes in the levels of ERK1/2 and
JNK1/2 phosphorylation (Fig. 4). These results indicated that
the decrease in the combination of mangiferin and an anti-
cancer drug induced cell viability was attributed to inhibition
of the NF-kB pathway.

The combination of mangiferin and an anticancer drug
increases the expression of p53 and Noxa and decreases the

expression of XIAP, survivin, and Bcl-xL proteins. NF-xB
is a nuclear factor known to activate the expression of genes
involved in cell proliferation and cell survival (anti-apoptotic
proteins and pro-apoptotic proteins). Therefore, we examined
the expression of proteins involved in cell proliferation and
cell survival by using western blotting. Our results showed that
the combination of mangiferin and an anticancer drug upregu-
lated the expression of p53 and Noxa and downregulated that
of XIAP, survivin, and Bcl-xL proteins in comparison with
mangiferin alone (Figs. 5 and 6). However, we observed no
changes in the expression of cyclin D, cyclin E, p27, p21, Bcl-2,
Bax, Bim, and PUMA proteins.

The combination of mangiferin and an anticancer drug
causes the accumulation of cells in the sub-GI phase of the
cell cycle. p53 plays important roles in various phases of the
cell cycle. Thus, we examined cell cycle regulation in IM9
cells treated with a combination of mangiferin and each of the
other anticancer drugs by flow cytometry. Our results showed
that the combined treatment increased the accumulation of
cell population in the sub-G1 phase (Fig. 7). These results are
indicative of apoptosis.

The combination of mangiferin and an anticancer drug
induces apoptosis by activating caspase-3. We measured
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Figure 4. The combination of mangiferin and an anticancer drug do not change the levels of ERK1/2 and JNK1/2 phosphorylation. IM9 cells were treated with
mangiferin (5 yg/ml) or (A) adriamycin (0.5 pM), (B) vincristine (5 nM), and (C) melphalan (1.5 xM), or a mixture of mangiferin with an anticancer drug for
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Figure 5. The combination of mangiferin and an anticancer drug increases the

expression of p53. IM9 cells were treated with mangiferin (5 yg/ml) or (A) adria-

mycin (0.5 yuM), (B) vincristine (5 nM), and (C) melphalan (1.5 #M), or a mixture of mangiferin with an anticancer drug for three days. The expression of
cyclin D, cyclin E, p53, p27, and p21 were detected using western blotting. The expression of 3-actin was used as internal control.

apoptotic cells using the Muse™ Annexin V and Dead Cell
Assay kit. IM9 cells were treated with a combination of
mangiferin and each of the other anticancer drugs for two days.
Our results showed that mangiferin increased the number of
apoptotic cells in a concentration-dependent manner (Fig. 8A).
Apoptosis is induced by an interaction between various initi-
ator and effector caspases. Caspase-3 is a crucial effector of

the apoptosis pathway. We investigated caspase-3 activation in
IM9 cells treated with a combination of mangiferin and each
of the other anticancer drugs by using the caspase-3/CPP32
fluorometric assay kit. The combination of mangiferin and an
anticancer drug activated caspase-3 (Fig. 8B). These results
showed that the combined treatment induced apoptosis by
activating caspase-3.
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Figure 6. The combination of mangiferin and an anticancer drug increase the expression of Noxa, and decrease the expression of XIAP, survivin, and Bcl-xL
proteins. IMO cells were treated with mangiferin (5 yg/ml) or (A) adriamycin (0.5 xM), (B) vincristine (5 nM), and (C) melphalan (1.5 M), or a mixture of
mangiferin with an anticancer drug for three days. The expression of XIAP, survivin, Bcl-2, Bel-xL, Bax, Bim, PUMA, and Noxa were detected using western
blotting. The expression of 3-actin was used as internal control.
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Figure 7. The combination of mangiferin and an anticancer drug causes the accumulation of the cells in the sub-G1 phase of the cell cycle. IM9 cells were
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three days. Cell cycle distribution was analyzed at an hour after PI staining.
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Figure 8. The combination of mangiferin and an anticancer drug induces
apoptosis by activating caspase-3. (A) IM9 cells were treated with mangif-
erin (5 pg/ml) or adriamycin (0.5 xM), vincristine (5 nM), and melphalan
(1.5 uM), or a mixture of mangiferin with an anticancer drug for two days.
The number of apoptotic cells in IM9 cells was examined using the Muse
Annexin V and Dead Cell Assay kit. (B) IM9 cells were treated with man-
giferin (5 pg/ml) or adriamycin (0.5 M), vincristine (5 nM), and melphalan
(1.5 uM), or a mixture of mangiferin with an anticancer drug for 36 h. The
activity of caspase-3 induced by mangiferin in IM9 cells was examined using
the caspase-3/CPP32 fluorometric assay kit. The results are expressed as the
mean + standard deviation (SD) of four experiments. ‘p<0.05 compared with
control.

Discussion

Despite the development of increasingly effective therapies,
MM remains an incurable disease with an average survival
of 3-5 years following diagnosis. In addition, most of the
compounds used for MM treatment have side effects that limit
their utility. Presumably, the side effects of these compounds
could be decreased by reducing their dose and using them in
combination with another drug (21). The nuclear factor «B
(NF-«xB) pathway plays a crucial role in the pathogenesis
of MM (22,23). Thus, inhibition of the NF-xB pathway is a
potential target for the treatment of MM. We have previously
shown that mangiferin induced apoptosis in AML cell lines
via inhibition of the NF-kB pathway (20). Additionally, it
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was reported that mangiferin in combination with oxaliplatin
counteract the development of resistance to oxaliplatin in
colon cancer cells by reducing active NF-«B (24). However,
the effect of the combination of mangiferin and conventional
anticancer drugs in MM cell lines remain to be clarified. In
particular, the molecular mechanism has not been elucidated
thus far. In this study, we examined the effect of the combina-
tion of mangiferin and conventional anticancer drugs in MM
cell lines.

We showed that mangiferin, adriamycin, vincristine,
and melphalan decrease the viability of MM cell lines. The
combination of mangiferin and each of the above-mentioned
anticancer drugs significantly reduced the viability of the
MM cell line in comparison with each of these drugs used
alone. Furthermore, our results showed that the combination
treatment significantly suppressed the nuclear translocation
of NF-xB. However, we observed no changes in the levels
of ERK1/2 and JNK1/2 phosphorylation. In agreement with
previous reports, constitutive activation of NF-«xB promoted
multiple myeloma cell growth and survival, and the NF-kB
inhibitor dimethyl fumarate induced apoptosis in MM cell
lines (15,25). In addition, other studies showed that celastrol
induces chemosensitization through downregulation of NF-xB
in MM cell lines (17). These results indicate that the combi-
nation of mangiferin and other anticancer drugs exert their
effects on MM through downregulation of NF-kB pathway.

NF-«B initiates the transcriptional activation of prosur-
vival genes and proliferation-promoting genes (26). We
observed that the combination of mangiferin and each of the
other anticancer drugs significantly increased the expression of
p53 and Noxa and decreased the expression of XIAP, survivin,
and Bcl-xL, proteins. In addition, the combination treatment
caused the induction of apoptosis, activation of caspase-3
and the accumulation of the cells in the sub-Gl1 phase of the
cell cycle. The tumor suppressor p53 induces apoptosis by
transactivation of its downstream apoptotic regulators such as
Noxa (27). Survivin, a member of the inhibitor of apoptosis
protein family, protects cells from caspase-dependent apop-
totic pathways. Survivin overexpression has been reported
in various hematopoietic and solid cancers (28-30). XIAP is
the most potent endogenous direct inhibitor of caspases and
is thus considered a key physiological regulator of cell death.
MM cells express high levels of XIAP regulated by the NF-«xB
pathway (31). The Bcl-2 family member Bcl-xL is an anti-
apoptotic protein; Bcl-xL overexpression has been reported in
MM cell lines (32,33). These results suggest that the combina-
tion of mangiferin and an anticancer drug induces apoptosis
by increasing the expression of p53 and Noxa and decreasing
that of XIAP, survivin, and Bcl-xL proteins via inhibition of
the NF-kB pathway.

In conclusion, our results showed that the combination of
mangiferin and an anticancer drug decreased the viability of
MM cell lines in comparison with each of these drugs used
separately. The decrease in the combination of mangiferin
and an anticancer drug induced cell viability was attributed
to the induction of apoptosis, activation of caspase-3, and the
accumulation of the cells in the sub-G1 phase of the cell cycle
via inhibition of nuclear translocation of NF-kB. Importantly,
40% of multiple myeloma patients show constitutive activation
of the NF-«kB pathway. Our findings showed that the combina-
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tion of mangiferin and an anticancer drug selectively inhibited
the NF-kB pathway without inhibiting other signaling factors.
In addition, we found that mangiferin enhanced the effect of
conventional anticancer drugs (adriamycin, vincristine, and
melphalan) commonly used in multiple myeloma treatment.
Our results provided evidence of the potential of the combina-
tion of mangiferin and an anticancer drug as a new regime for
the treatment of MM.
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