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The designed NF-kB inhibitor, DHMEQ, inhibits
KISS1R-mediated invasion and increases drug-sensitivity
in mouse plasmacytoma SP2/0 cells
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Abstract. Plasmacytoma is one of the most difficult types of
leukemia to treat, and it often invades the bone down to the
marrow resulting in the development of multiple myeloma.
NF-«B is often constitutively activated, and promotes metas-
tasis and drug resistance in neoplastic cells. The present study
assessed the cellular anticancer activity of an NF-«B inhibitor,
dehydroxymethylepoxyquinomicin (DHMEQ), on mouse
plasmacytoma SP2/0 cells. Cellular invasion was measured
by Matrigel chamber assay, and apoptosis was assessed by
detecting caspase-3 cleavage and by flow cytometric analysis
with Annexin V. DHMEQ inhibited constitutively activated
NF-xB at nontoxic concentrations. DHMEQ was also shown
to inhibit cellular invasion of SP2/0 cells, as well as human
myeloma KMS-11 and RPMI-8226 cells. The metastasis PCR
array indicated that DHMEQ induced a decrease in KISS1
receptor (KISSIR) expression in SP2/0 cells. Knockdown
of KISSIR by small interfering RNA suppressed cellular
invasion, suggesting that KISSIR may serve an essential
role in the invasion of SP2/0 cells. Furthermore, DHMEQ
enhanced cytotoxicity of the anticancer agent melphalan in
SP2/0 cells. Notably, DHMEQ inhibited the expression of
NF-kB-dependent anti-apoptotic proteins, such as Bcl-XL,
FLIP, and Bfl-1. In conclusion, inhibition of constitutively
activated NF-xB by DHMEQ may be useful for future
anti-metastatic and anticancer strategies for the treatment of
plasmacytoma.
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Introduction

Plasmacytoma is a malignant disease characterized by plasma
cell proliferation in bone, soft tissue, or bone marrow, with an
overproduction of monoclonal protein, called M-protein, which
causes severe bone pain and bone fractures (1). Accumulation
of malignant plasma cells in bone marrow leads to impaired
hematopoiesis, recurrent infections, kidney damage, and is
associated with a poor prognosis (2). The advanced stage of
plasmacytoma is often called multiple myeloma. Homing of
plasmacytoma to bone marrow is essential to cell survival
and drug resistance (3,4). According to a model described by
Butcher and Picker, homing of plasmacytoma cells into the
bone marrow is likely to be mediated by a multistep process,
including rolling, firm adhesion, and transmigration into the
tissue.

Within our present research, DHMEQ was found to inhibit
the expression of KISS1 receptor (KISS1R). The KISSI gene
encodes KISS1, a protein that is rapidly processed in serum into
smaller but biologically active peptides, called kisspeptins (5).
KISS1 and the kisspeptins send the signal via the G-protein
coupled receptor KISSIR (also called GPR54) (6). KISS1 was
first found to suppress metastasis of malignant melanoma (7).
KISS1 was also found to be a metastasis suppressor in many
other cancers, such as bladder cancer (8), colorectal cancer (9),
ovary cancer (10), and prostate cancer (11). However, besides
working as a suppressor of tumorigenesis and metastasis,
growing evidence has shown that the KISS1/KISSIR axis
plays a cancer-promoting role depending on the cancer type.
In triple-negative breast cancer, KISSIR was reported to be
overexpressed and to promote drug resistance (12). In addition
to playing a promoting role in breast cancer metastasis, KISS1
and KISSIR appear to promote hepatic cell carcinoma (13).

Patients with plasmacytoma often progress to having
multiple myeloma with a median survival of 3-5 years (14).
Conventional therapies with alkylating agents, such
as melphalan, cyclophosphamide, anthracyclines, and
corticosteroids, including high-dose therapy followed by
autologous transplantation, have shown improved outcomes.
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However, such therapies cause numerous side effects (15,16).
Moreover, the remission rate remains low and patients often
develop resistance to chemotherapy (17).

NF-kB is reported to be constitutively activated in
plasmacytoma or multiple myeloma cells (18,19). Recent
studies have shown that elevated NF-kB activity promotes
growth and drug resistance in plasmacytoma cells, and
these effects can be inhibited by blocking NF-kB (20,21).
Dehydroxymethylepoxyquinomicin (DHMEQ, Fig. 1A) is a
specific inhibitor of NF-kB. It has inhibited various solid tumors
and leukemias in animal models without any toxicity (22).
DHMEQ was reported to induce apoptosis in multiple
myeloma cells and reduce tumor growth in vivo (23). Moreover,
DHMEQ enhanced the antitumor effect of fludarabine in
chronic lymphocytic leukemia cells (24). In the present study,
we researched the effect of DHMEQ on the cellular invasion of
mouse plasmacytoma SP2/0 cells. In addition, we studied the
effect of DHMEQ on sensitivity to melphalan.

In our research we have found that DHMEQ inhibits
constitutively activated NF-xB, and inhibits the cellular
invasion by suppressing KISSIR expression. It also enhances
apoptotic sensitivity to melphalan, possibly by down-regulated
expression of anti-apoptotic proteins.

Materials and methods

Chemicals. DHMEQ was synthesized as previously
described (25). Melphalan was purchased from Sigma-Aldrich;
Merck KGaA. DHMEQ and melphalan were dissolved in
dimethyl sulfoxide (DMSO), which was diluted by the medium.

Cell culture. The murine plasmacytoma SP2/0 (RIKEN
BioResource Center) and human myeloma KMS-11 (Japanese
Collection of Research Bioresources Cell Bank) and
RPMI-8226 (Japanese Collection of Research Bioresources
Cell Bank) cells were cultured in RPMI-1640 medium (Sigma
Chemical) supplemented with 10% fetal bovine serum (FBS;
Invitrogen; Thermo Fisher Scientific), and maintained at 37°C
in humidified 95% air, with a 5% CO, atmosphere.

NF-xkB-DNA binding assay in vitro. SP2/0 cells in complete
medium (3x109 cells) were grown in 60-mm dishes. The
next day, the nuclear extracts were prepared with Nuclear
Extract Kit (Active Motif) according to the instructions of
the manufacturer. Briefly, the cells were collected in ice-cold
PBS in the presence of phosphatase inhibitors. Then, the cells
were suspended in a hypotonic buffer and incubated on ice for
15 min. After incubation, detergent was added and the samples
were centrifuged. The supernatants were discarded. The
pellets were suspended in TransAM lysis buffer and shaken for
30 min at 4°C. Then, suspensions were centrifuged for 10 min
at 14,000 g at 4°C. Supernatants that contained nuclear extracts
were collected. Protein contents were determined via the BCA
assay. Nuclear extracts were treated with or without DHMEQ for
15 min. The DNA binding activity of NF-kB in nuclear extracts
was measured with the TransAM NF-«B p65 Transcription
Factor Assay kit (Active Motif). Briefly, nuclear extracts and
Jurkat nuclear extract for positive control were incubated in
96-well plates coated with an immobilized oligonucleotide
containing the NF-kB consensus (5'-GGGACTTTCC-3") for

1 h. Activated NF-«xB binding to the target oligonucleotide was
detected by 1 h incubation with a primary antibody specific for
the activated form of p65, followed by 1 h incubation with a
horseradish peroxidase-conjugated secondary antibody. Then,
developing solution was added. Reactions were measured by
a colorimetric method at 450 nm, and data were shown as the
percent of the positive control signal.

Cell viability assay. Cell viability was evaluated by the MTT
assay. Cell suspensions at a density of 3x10° cells per ml were
seeded in a 96-well plate. The next day, cells were treated with
the desired concentrations of DHMEQ for 24 h, and at each
end-point 2 ul MTT was added to each well and incubated
for additional 1 h. For the combined activity study, cells were
treated with DHMEQ for 30 min, then melphalan was added
at the indicated concentrations and incubated at the indicated
times. After incubation, MTT reagent was added to each well
and incubated for 1 h. Absorbance was measured at 570 nm
with a microplate reader. Cell viability was expressed as a
percentage of the control samples.

Inhibition of NF-kB in cultured cells. SP2/0 cells in complete
medium (3x10° cells) were grown in 60-mm dishes. The next
day, cells were treated with the desired concentrations of
DHMEQ for 2 h. The nuclear extracts were prepared with a
Nuclear Extract kit (Active Motif), as described previously.
Protein contents were determined via the BCA assay. Then,
the DNA binding activity of NF-kB in nuclear extracts was
measured with the TransAM NF-«kB p65 Transcription Factor
Assay kit (Active Motif), as described previously.

Matrigel invasion assay. The cells were harvested and washed
with PBS. After washing, 3x10° cells were resuspended in
500 pl serum-free medium and treated with different concen-
trations of DHMEQ. Cells were then transferred to the top of
Matrigel-coated invasion chambers (24-well insert; Corning
Inc.), and 750 ul of 20% FBS-RPMI-1640 was added to the
bottom chamber. After 24 h of incubation, the non-invading
cells were removed, and the invading cells that were attached
to the bottom were fixed with methanol for 10 min and stained
with Diff-Quick solution (Sysmex). Invading cells were
photographed under the microscope at x10 magnification and
counted.

PCR analysis. SP2/0 cells were treated with DHMEQ for
6 h. Total RNA was extracted from cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific) following
the manufacturer's instructions. Reverse transcription was
carried out at 37°C for 120 min with a High-Capacity cDNA
Reverse Transcription kit (Applied Biosystems). The cDNA
was used for PCR amplification with rTaq DNA polymerase.
The sequence-specific primers were as follows: GAPDH
sense, 5'“ACCCAGAAGACTGTGGATGG-3', antisense,
5'-GGATGCAGGGATGATGTTCT-3"; Bcl-XL sense 5-AGT
AAACTGGGGTCGCATCG-3', antisense, 5'-GGGTGT
ACCTCCACTCACAC-3'; Bfl-1 sense 5'-GCTCATGCATAT
CCACTCCCT-3, antisense, 5'-GTAGCACTCTGCATGCTT
GG-3'; c-FLIP sense 5-AGAACCTGGCTGCACCTAAC-3,
antisense, 5'-GAGAAGGTCAAACCGCCTCA-3"; KISSIR
sense, 5S'-ATGTCCTACAGCAACTCGGC-3', antisense,
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Figure 1. Inhibition of NF-xB by DHMEQ in SP2/0 cells. (A) Structure of DHMEQ. (B) Inhibition of p65-DNA binding by DHMEQ in vitro. The nuclear extract
was prepared from SP2/0 cells. The extract was incubated with DHMEQ for 15 min and the mixture was assayed in kB DNA-coated dishes. DNA binding was
detected by labeled p65 antibodies. (C) Effect of DHMEQ on the viability of SP2/0 cells. Cells were treated with DHMEQ for 24 h. Cell viability was deter-
mined by MTT assay. (D) Inhibition of cellular NF-xB by DHMEQ. DHMEQ was added to the cultured cells for 2 h, then the nuclear extract was prepared.
Nuclear extracts were examined for NF-xB-DNA binding activity. "P<0.05; “P<0.01 vs. untreated control. DHMEQ, dehydroxymethylepoxyquinomicin.

5'-AGAGTGAGGCAGTGCGTTC-3'". PCR products were
electrophoresed in 2% agarose gels, stained with ethidium
bromide, and visualized with a UV illuminator.

Knockdown by siRNA transfection. siKISSIR (sc-60748), and
control siRNA (sc-37007) were purchased from Santa Cruz
Biotechnology Inc. siKISS1R knockdown was performed
using Lipofectamine® RNAiMax transfection reagent (Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. The efficiency of transfection was determined by mRNA
expression.

Western blotting. Detection of cleaved caspase-3 induced
by DHMEQ and melphalan was performed by western blot
analysis. Antibodies used in these experiments were as
follows: Rabbit polyclonal antibody for cleaved caspase-3
(Aspl75) (Cell Signaling Technology, Inc.), rabbit polyclonal
antibody for caspase-3 (Cell Signaling Technology, Inc.),
and tubulin (Santa Cruz Biotechnology, Inc.). Cells were
lysed in lysis buffer (RIPA). Cell lysates were subjected to
electrophoresis on an SDS polyacrylamide gel and transferred
onto nitrocellulose membranes. The membranes were blocked
with TBS containing 0.05% Tween and 5% nonfat milk at 4°C
overnight. Subsequently, they were incubated for 1 h with
anti-caspase-3 or anti-tubulin antibodies. The membranes
were then incubated for 1 h with peroxidase-labeled anti-rabbit

or anti-mouse secondary antibody and developed using an
enhanced chemiluminescence system. ImageJ software-based
analysis was used to quantify the intensity of the bands
obtained by the Western blot assay.

PCR array. Total RNA was extracted from SP2/0 cells using
RNeasy Mini kit (Qiagen GmbH). RT? First Strand kit (Qiagen,
Inc.) was used for reverse transcription. The cDNA was added
to the qPCR Master Mix and the aliquot mixture across the
Human Tumor Metastasis PCR Array (Qiagen, Inc.). The
comparative CT method was used for data analysis.

Annexin V assay. The cells were seeded in 24-well culture
plates (5x10° cells/well). Next, the cells were incubated with
the melphalan (0.3 yg/ml) and/or DHMEQ (10 ug/ml) for
24 h, followed by incubation with annexin V (Ax)-FITC
(MBL) and PI (10 pg/ml) at 25°C room temperature for
15 min. Finally, fluorescence intensities were determined by
fluorescence-activatedcell sorting (FACS)usingaFACSCantoll
(BD Biosciences).

Statistical analysis. All results were expressed as
mean + standard deviation (SD). One-way analysis of variance
(ANOVA) followed by Dunnett's post hoc test was used for
statistical analysis by EXCEL software version 2016. P<0.05
was considered to indicate a statistically significant difference.
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Figure 2. Inhibition of cellular invasion by DHMEQ in SP2/0 and human myeloma cells. The cells were incubated with DHMEQ in the Matrigel chamber
for 24 h. (A) Inhibition of invasion in SP2/0 cells (magnification, x100). (B) Effect on viability in KMS-11 cells. (C) Inhibition of invasion in KMS-11 cells
(magnification, x100). (D) Effect on viability in RPMI-8226 cells. (E) Inhibition of invasion in RPMI-8226 cells (magnification, x100). "P<0.05; “P<0.01;

“"P<0.001 vs. untreated control. DHMEQ, dehydroxymethylepoxyquinomicin.
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Figure 3. Inhibition of KISSIR expression by DHMEQ. The cells were
incubated with DHMEQ for 24 h, and the expression was measured by PCR.
“P<0.05; “P<0.01 vs. untreated control. KISSIR, KISSI receptor; DHMEQ,
dehydroxymethylepoxyquinomicin.

Results

Inhibition of NF-kB by DHMEQ. The nuclear fraction of
SP2/0 cells was used for NF-kB, including p65. The in vitro
binding of p65 and kB sequence DNA was inhibited by
DHMEQ (Fig. 1A) at 1-10 ug/ml, as shown in Fig. 1B. Next,
the effect on viability was studied. DHMEQ did not show
prominent cytotoxicity below 10 gg/ml in 24 h, as shown in
Fig. 1C. Then, DHMEQ was added to the cultured SP2/0 cells
for 2 h. DHMEQ at 1-10 yg/ml inhibited the NF-kB activity in
cultured SP2/0 cells (Fig. 1D).

Inhibition of cellular invasion by DHMEQ. Next, we studied
the effect of DHMEQ on the cellular invasion of SP2/0 cells
using a Matrigel chamber. DHMEQ inhibited the invasion at
1-10 pug/ml dose-dependently, as shown in Fig. 2A. We then studied
the effect of DHMEQ on human myeloma cell lines KMS-11 and
RPMI-8226. DHMEQ was not toxic at 3 yg/ml, and inhibited
cellular invasion below 3 pg/ml in KMS-11 cells (Fig. 2B and C)
and in RPMI-8226 cells (Fig. 2D and E). Thus, DHMEQ inhib-
ited cellular invasion in SP2/0 cells and human myeloma KMS-11
and RPMI-8226 cells at nontoxic concentrations.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1092, 2021 5

A siControl

siKISS1R
KISS1R

GAPDH

Control

B siControl siKISS1R

140
120
100

80

Invasion (%)

60

Invasion (%)

40

20

siKISS1R

siControl

120

100

80

60

40

20

siKISS1R+
DHMEQ siKISS1R DHMEQ

OII"

DHMEQ siKISS1R  siKISS1R+
DHVEQ

Control

Figure 4. Inhibition of cellular invasion by KISSIR knockdown. (A) The expression of KISSIR was measured by PCR in siControl and siKISSIR of SP2/0
cells. (B) Effect of siKISS1R on invasion in SP2/0 cells (magnification, x100). “P<0.01 vs. siControl. (C) Effect of DHMEQ on invasion of KISSIR-knockdown
cells (magnification, x100). ““P<0.001 as indicated. KISSIR, KISSI receptor; DHMEQ, dehydroxymethylepoxyquinomicin; si, small interfering.

Inhibition of KISSIR expression by DHMEQ in mouse metas-
tasis PCR array. We employed a mouse metastasis PCR array
to study the mechanism of inhibition by DHMEQ. The results
of the PCR array are shown in Table SI. Several gene expres-
sions were activated or inhibited by DHMEQ. Among them,
we selected KISSIR for further study because its function in
cancer progression is not fully understood. We confirmed the
effect of DHMEQ on KISSIR expression by independent PCR.
DHMEQ inhibited the KISSIR expression as shown in Fig. 3.

Inhibition of cellular invasion by KISSIR knockdown.
Next, we prepared KISS1R-knockdown SP2/0 cells using
siRNA (Fig. 4A). The knockdown of KISSIR inhibited the
invasion, as shown in Fig. 4B. DHMEQ showed no prominent
additional effect on invasion (Fig. 4C), which indicates
KISSIR is mainly involved in the effect of DHMEQ on
inhibition of invasion.

Increase ofanticancer drug sensitivityby DHMEQ.Melphalanis
an alkylating agent often used for the treatment of plasmacytoma
and multiple myeloma. We found that DHMEQ enhanced the
cytotoxicity of melphalan in SP2/0 cells (Fig. SA). Apoptosis
was measured by annexin V-FITC/PI and cleaved caspase-3
expression. DHMEQ increased the melphalan-induced
apoptosis synergistically (Fig. 5B and C). To understand the
mechanism of synergistic apoptosis induction, we studied the
effect on NF-kB-dependent apoptosis inhibitory proteins. As
shown in Fig. 5D, DHMEQ inhibited the expression of Bcl-XL,
Flip, and Bfl-1 in SP2/0 cells. Thus, DHMEQ was shown to

increase melphalan sensitivity, possibly by decreasing apoptosis
inhibitory proteins.

Discussion

NF-«B is constitutively activated and plays an important role
in the suppression of apoptosis in plasmacytoma or multiple
melanoma cells (26,27). Over-activation of NF-«B is known
to contribute to tumor progression and metastasis (28).
Also, drug resistance is a serious problem for plasmacytoma
chemotherapy. In the present research, we studied the cellular
anti-metastatic activity and the effect on drug sensitivity of an
NF-xB inhibitor, DHMEQ.

DHMEQ inhibited cellular invasion by lowering the
expression of KISS1R. The KISS1/KISS1R axis has been
reported as both a metastasis suppressor and metastasis
promoter. Our results indicate that the KISS1/KISSIR axis
would act as a metastasis promoter in plasmacytoma cells,
and DHMEQ could inhibit the invasion and metastasis via
suppression of KISSIR expression. We could not locate a
report describing the existence of a kB-site in the promoter
of KISS1R. Therefore, it is considered that DHMEQ inhibits
KISSIR expression indirectly.

Melphalan is a DNA alkylating agent often used in
combination with other anticancer agents or steroids for
plasmacytoma patients. For newly diagnosed patients not
eligible for a transplant the standard drug combination is
melphalan, prednisone, and thalidomide, while an alternate
combination is melphalan, prednisone, and bortezomib.
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Figure 5. Increase of sensitivity to melphalan by DHMEQ in SP2/0 cells. (A) The cells were treated with indicated concentrations of DHMEQ in combination
with either a vehicle or 0.3 yg/ml of melphalan for 48 h. Cell viabilities were determined by MTT assay. (B) Enhancement of melphalan-induced apoptosis by
DHMEQ. Apoptosis was detected by Annexin V (horizontal line) and PI (vertical line) analysis by flow cytometry. Bar graphs show the percentage of apop-
totic (AxV+/PI+) cells. Asterisks indicate statistically significant differences between Melphalan/DHMEQ treated cells and control. “P<0.01; *“P<0.001 vs.
untreated control. (C) Apoptosis was detected by increase of cleaved caspase-3. The cells were treated for 24 h and western blot analysis of cleaved caspase-3
and pro-caspase-3 after treatment with melphalan (0.3 pg/ml) and/or DHMEQ (10 pg/ml) was carried out. "P<0.05; “P<0.01 as indicated. (D) Inhibition
of anti-apoptosis protein expressions by DHMEQ. The cells were incubated with DHMEQ for 24 h, then, each expression was measured by PCR. "P<0.05;
“P<0.01 vs. untreated control. DHMEQ, dehydroxymethylepoxyquinomicin; PI, propidium iodide.

However, the patients receive either therapy often thrombocytopenia, and infections (16). Bortezomib,
experience drug-mediated side effects, such as neutropenia, a proteasome inhibitor, inhibits NF-kB by blocking
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proteasomal degradation of the inhibitory protein, I-kBa.
Even though bortezomib shows remarkable anti-tumor
activity, it has been associated with possible off-target
toxicities and the development of drug resistance (29,30). In
the present study, we demonstrate that DHMEQ enhances
the cytotoxicity of melphalan on SP2/0 cells. DHMEQ
synergistically increases the melphalan-induced apoptosis,
possibly by inhibition of antiapoptotic protein expression.
Compared to other NF-«B inhibitors, DHMEQ is distinctive
by covalently binding to the specific cysteine residue of the
Rel family proteins, which is essential for DNA binding (31).
It should be noted that DHMEQ alone did not significantly
decrease the viability of SP2/0 cells. This finding supports
the notion that DHMEQ has no toxicity. Hence, it should be
combined with melphalan. On the other hand, we believe that
the effect of DHMEQ on bortezomib would not be prominent.
This would be because both compounds inhibit the NF-xB
activating pathway (32). DHMEQ would also not increase
the sensitivity to dexamethasone since this compound is
an anti-inflammatory steroid and would affect the NF-xB
activity (33).

In conclusion, targeting NF-«xB activity is a logical
strategy to treat plasmacytoma and prevent progression to
multiple myeloma. We also wish to investigate further how
DHMEQ inhibits KISSIR expression by searching for the kB
sequence in the promoter region.
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