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Stimulation of Toll-like receptor-1/2 combined with Velcade
increases cytotoxicity to human multiple myeloma cells
J Abdi1, T Mutis2, J Garssen1 and F Redegeld1

An increasing body of evidence supports the important role of adhesion to bone marrow microenvironment components for
survival and drug resistance of multiple myeloma (MM) cells. Previous studies suggested that stimulation of Toll-like receptors by
endogenous ligands released during inflammation and tissue damage may be pro-tumorigenic, but no studies have been
performed in relation to modulation of cell adhesion and drug cytotoxicity. Here, we investigated the effect of TLR1/2 activation on
adhesion of human myeloma cells to fibronectin, and their sensitivity to the proteasome inhibitor Velcade. It was found that TLR1/2
activation with Pam3CSK4 increased the cytotoxicity of Velcade in L363, OPM-2 and U266 human myeloma cells. This effect was
not related to a decreased adhesion of the cells to fibronectin, but TLR1/2 activation stimulated the caspase-3 activity in
Velcade-treated myeloma cells, which may be responsible for the enhanced cell death. Inhibitors of NF-kB and MAPK reduced the
stimulatory effect. These findings indicate that TLR activation of MM cells could bypass protective effects of cell adhesion and
suggest that TLR signaling may also have antitumorigenic potential.
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INTRODUCTION
Signal transduction following integrin binding increases survival,
invasion and resistance to apoptosis in many cancer cells.1–5 In
multiple myeloma (MM), this interaction is primarily seen in the
bone marrow microenvironment where malignant plasma cells
adhere to fibronectin (FN) or stromal cells contributing to
induction of cytokines involved in angiogenesis and
osteoclastogenesis,6,7 and tumor cells survival, invasion and drug
resistance.5,7–10 Although the detailed molecular mechanism(s)
underlying this resistance has yet to be delineated, most recent
studies have documented VLA-4 (CD49d/CD29, a4b1) and to a
lesser extent VLA-5 (CD49d/CD29, a5b1) integrin molecules on
MM cells to be involved in their adhesion to FN, and hence induce
the so called ‘cell adhesion-mediated drug resistance’.11–17

Notably, increase in drug resistance of MM cells correlates with
their increased adhesion to FN and overexpression of VLA-4.11,12

Moreover, cytokines secreted by bone marrow stromal cells
(BMSCs) could enhance adhesion of MM cells to FN, contributing
to MM cell survival and drug resistance.18 Thus, modulating MM
cell adhesion to stroma or FN may have beneficial therapeutic
effects in combination with anti-neoplastic drugs.

In recent years, a special focus has been made on the role of
Toll-like receptor (TLR)-mediated signaling effects in MM cells and
human myeloma cell lines (HMCLs) biology. TLRs are germ line
encoded and conserved receptors detecting pathogen-associated
molecular patterns (PAMPs) to elicit innate immune responses and
shape the adaptive immunity.19 Following triggering by their
relevant exogenous or endogenous ligands, TLRs provoke
secretion of a variety of pro-inflammatory cytokines, which if
takes place in a tumor environment might optimize or derange
tumor activity, a feature designated as ‘double edged sword’ of

innate immunity.20 The function of TLRs may be of particular
interest linking inflammation to MM pathogenesis.21 A few recent
studies have reported higher levels of TLR expression on MM cells
compared with normal plasma cells, and induction of survival,
proliferation, drug resistance and immune escape upon TLR
triggering in stroma-free conditions.22–27 However, current
knowledge suggests that TLR activation of B-cell neoplasia can
result in both positive and negative outcomes.28 In this study, we
investigated the effect of TLR1/2 triggering on survival and drug
resistance of adhered MM cells. We show that Pam3CSK4, a well-
known TLR1/2 agonist,19,29 has differential effects on adhesion of
HMCLs to FN, but TLR1/2 stimulation combined with Velcade
increases the cell death of FN-adhered MM cells.

MATERIALS AND METHODS
Cell lines and cell culture
Human myeloma cell lines (HMCLs), Fravel, L363, UM-6, OPM-1, OPM-2, U266,
RPMI-8226 and NCI-H929, were obtained from American Type Culture
Collection (Manassas, VA, USA). UM-6 had been established by the
Department of Clinical Chemistry & Hematology, Utrecht University Medical
Center, The Netherlands. The cell lines were maintained in RPMI medium
containing 2 mM L-glutamine, supplemented with 5% fetal bovine serum (FBS)
and intermittently with 100 U/ml penicillin and 100mg/ml streptomycin at a
humidified 37 1C incubator providing 5% CO2. To UM6 cell line was added
1 ng/ml of recombinant human IL-6 (from eBioscience, San Diego, CA, USA).
NCI-H929 cell line was also treated with 1 mM sodium pyruvate and 50mM

2-mercaptoethanol. Cells were cultured for maximal 15 passages after thawing.

Reagents and antibodies
TLR1/2 ligand (Pam3CSK4) was obtained from Invivogen and dissolved in
sterile water according to manufacturer’s instructions to make a 1 mg/ml
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stock. Velcade (Bortezomib) was from LC laboratories (Woburn, MA, USA)
and dissolved in DMSO to prepare 100 mM stocks. Pathway inhibitors,
Bay 11–7082 (inhibitor NF-kB), Doramapimod (inhibitor MAPK) and NVP-
BEZ235 (inhibitor PI3K/mTOR), were obtained from Invivogen (San Diego, CA,
USA) and LC Laboratories, respectively. They were dissolved in DMSO
(Bay 11–7082 and Doramapimod) and dimethylformamide (NVP-BEZ235) to
make 100 mM stocks.

AMC (7-Amino-4-methylcoumarin) powder and caspase-3 substrate
acetyl-Asp-Glu-Val-Asp-7-amido-4-methylcoumarin (Ac-DEVD-AMC) were
obtained from Sigma (Munich, Germany) and Bachem (Bubendorf,
Switzerland), respectively, and also dissolved in DMSO. The final
concentration of solvents in all experimental conditions never exceeded
0.1%. The antibodies used in western blotting experiments were as follows:
rabbit monoclonal, anti-human cleaved caspase-3 (clone D3E9, Cell
Signaling Technology, Danvers, MA, USA), rabbit monoclonal anti-human
pro-caspase-3 (clone E83–103, Epitomics, Burlingame, CA, USA), rabbit
polyclonal anti-human p53, p73, BCL-2, Bax (GeneTex, Irvine, CA, USA),
HRP-conjugated goat anti-rabbit immunoglobulins from DAKO (Glostrup,
Denmark), or anti-rabbit IgG and IgG1 from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Mouse anti-human b-actin Ab was also from Santa
Cruz Biotechnology.

Fluorometric adhesion assay
Adhesion to FN was measured as described previously.30 In detail, cells
were treated with or without Pam3CSK4 (1–5mg/ml) for 24 h, washed and
added to FN-coated 96-well plates for adhesion assay as follows. Ninety-
six-well plates (Costar) were coated with 10mg/ml FN (human plasma-
derived, Sigma) in HBSS, and left for 1 h at 37 1C. To block non-specific
binding, heat-denatured BSA (10 mg/ml) in PBS was added after removing
FN, and plates were left for 30 min at 37 1C or room temperature.
Immediately before use, plates were washed once with HBSS buffer. Then,
one million cells out of each condition (treated or untreated) were
harvested, washed twice in PBS buffer and suspended in 1 ml of room
temperature RPMI medium without any additive. Cell suspensions were
labeled with Calcein-AM (1-2mM) for 30 min at room temperature with
gentle mixing after 15 min. To stop labeling, samples were washed/spun
twice with ice cold PBS at 4 1C. One milliliter of RPMI plus 2% FBS was
added to all samples and 105 cells were seeded on FN-coated 96-well
plates, which were incubated at 37 1C for 1 h. At the end of the incubation
time, total and spontaneous fluorescence were measured with a plate
reader (Mithras LB 940; Berthold Technologies; Germany). For measuring
adhered fluorescence, non-adhered cells were removed with two gentle
washes using warm RPMI, 100ml RPMI was added to each well and the
plate was read as above. For background readings, fluorescence of the
wells containing cells adhered only to BSA was considered. The following
formula was used to calculate percentage of adhesion: (Fluorescence
reading of adhered cells�background reading)� 100/(Total fluorescence
reading� spontaneous reading).

Cell viability: growth inhibition assay (drug cytotoxicity)
Drug cytotoxicity studies were modified after a previously described
protocol for acute drug exposure.12 In detail, 1 day before drug exposure,
96-well plates (Costar) were coated overnight (4 1C) with 20mg/ml FN in
HBSS buffer, and blocked with 10 mg/ml sterile heat denatured BSA in PBS
at 37 1C for 30 min. HMCLs were first stimulated with 2.5 mg/ml (OPM-2) or
5mg/ml (L363 and U266) Pam3CSK4 for 24 h. Cells were washed with PBS
twice and 5� 104cells from each cell line were treated with different
concentrations of Velcade in RPMI þ 5%FBS in separate 96-well round
bottom plates for 1 h at a 37 1C incubator, with gentle shaking after 30 min.
Cells were then washed with RPMI, resuspended in RPMIþ FBS and
transferred to the 96-well flat bottom plates pre-coated as above. The
plates were further incubated for 48 h. At the last 4 h of incubation, 25 ml
from XTT reagent with phenazinemethosulfate (PMS) was added to each
well, and after 4 h the absorbance (at 450 nm) of each well was measured
using a plate reader. The percent survival of the cells was calculated by
using non-linear regression. In each plate run, wells for solvent control
(mediumþ cellsþDMSO), blank (mediumþDMSO) and growth control
(mediumþ cells) were also included. The readings of the blank wells were
subtracted from those of all test samples.

Cell viability: annexin-V apoptosis assay
Myeloma cells were incubated in the presence or absence of Pam3CSK4 for
24 h, washed and transferred to FN-coated 12-well plates for 1–2 h.

Unattached cells were removed, fresh medium was added and after 8–12 h
incubation, Velcade (5 nM) was added and the incubation was extended for
another 48 h (chronic exposure). In parallel, cells were seeded in uncoated
wells and treated similarly.

For FACS analysis, cells were removed with cold 5 mM EDTA in PBS,
washed once with normal FACS buffer (cold PBS containing 1% BSA and
0.01% sodium azide) and once with binding buffer (eBioscience). The cell
pellets were then suspended in 200ml binding buffer containing 5 ml FITC-
conjugated annexin-V and incubated for 10 min at room temperature.
After washing with binding buffer, 5 ml propidium iodide in 200ml buffer
was added to each well and samples were analyzed using a Becton
Dickinson FACSCantoII flow cytometer (San Jose, CA, USA). The percent-
specific apoptosis was calculated using the following formula (adopted
from Saha et al.31): (Test� control)� 100/(100� control). Test refers to the
treatment with Pam3CSK4, Velcade or Pam3CSK4þVelcade, and control is
the cells without any stimulation (baseline).

In separate experiments, HMCLs were first treated with subtoxic
concentrations of inhibitors for 1–2 h. Then without washing, Pam3CSK4
was added, the incubation was extended to 24 h and procedure was
continued as above. Subtoxic concentrations of inhibitors were deter-
mined separately after 24-h incubation and Calcein-AM labeling assay was
performed, as previously described.32

Caspase-3 enzymatic activity
Cleaved caspase-3 enzymatic activity was measured as described
previously.33 The assay is based on the release of the fluorescent 7-
amino-4-methylcoumarin (AMC) moiety following hydrolysis of the peptide
substrate acetyl-Asp-Glu-Val-Asp-7-amido-4-methylcoumarin by the
activated enzyme. Briefly, cells were lysed in a buffer consisting of
10 mM HEPES (pH 7.5), 1% IGEPAL, 10% sucrose, 50 mM NaCl, 40 mM

b-glycerophosphate, 2 mM MgCl2, 5 mM EDTA and supplemented with a
cocktail of protease inhibitors (Complete Mini, Roche (West Sussex, UK)),
and left on ice for 30 min. After spinning the samples at 10 000g for 15 min
at 4 1C, supernatants were collected and incubated with 1 mM of caspase-3
substrate Ac-DEVD-AMC in each well of a 96-well plate. The plate was
placed in a fluorescent plate reader with a built-in 37 1C incubator
(Fluoroskan Ascent FL, Thermo Labsystem, Waltham, MA, USA) for 1 h.
During this time, substrate was cleaved (AMC release) by active caspase-3
and the fluorescent signals were recorded (excitation 340 nm, emission
460 nm). The activity of caspase-3 was determined as nM AMC/min/ml of
cell lysate. A calibration curve was also created using free AMC.

Immunoblotting
Myeloma cells (treated in the same way as for FACS analysis) were lysed in
RIPA buffer (150 mM NaCl, 1% IGEPAL, 0.5% sodium deoxycholate, 0.1%
SDS, 50 mM Tris and pH 8.0) containing a cocktail of protease inhibitors
(Complete Mini, Roche). After determining the protein concentration with
a BCA kit (Pierce, Rockford, IL, USA), 20–30mg total protein was
fractionated using 12% SDS gel electrophoresis. Proteins were transferred
to a PVDF membrane and probed with indicated primary antibodies
(1:1000–1:2000) followed by specific secondary antibodies (1:2000–1:4000).
The signals were finally developed with ECL (Amersham, Diegem, Belgium).

Gene expression profiling of the p53 signaling pathway
RT2Profiler PCR Array kit (PAHS-027, SABiosciences, QIAGEN Benelux B.V.,
KJ Venlo, the Netherlands) was used to analyze the expression pattern of
an array of 84 genes involved in tumor suppressor protein p53 signaling
pathway, including five different housekeeping genes (B2M, HPRT1,
RPL13A, GAPDH and ACTB). Briefly, OPM-2 cells were stimulated with
2.5 mg/ml of Pam3CSK4 for 8 h; cells were washed and exposed to FN-
coated wells of a six-well plate. After 90 min the unattached cells were
removed and fresh medium was added to the wells, and incubation was
extended to 24 h. For the last 8 h, 10 nM of Velcade was added and finally
total RNA was isolated with RNeasy Mini kit (Invitrogen, Paisley, UK) for
cDNA synthesis, which was then applied to the array plate according to
the manufacturer’s instructions. The same protocol was also applied to
cells without Pam3 stimulation and considered as control group in the
assay. For data analysis, threshold cycle values (Ct values) were obtained
and fold regulations (up or down) of the test group were calculated over
the control group using 2�DDCt algorithm.
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Real-time PCR
To confirm differential gene expression detected in the profiling array
expression of changed genes in p53 pathway was analyzed by real-time
PCR. OPM-2 cells were treated as indicated above and total RNA was
isolated using RNeasy Mini kit (Invitrogen). About 500 ng RNA was reverse
transcribed using iScript first strand cDNA synthesis kit (Biorad, Hercules,
CA, USA) and amplified using the following primers (Isogen, De Meern,
The Netherlands): EGR-1, GML, TP63, CDKN1A, IFNB1, FASLG and GAPDH,
the primer sequences are given in Supplementary Table S1. We used a
two-step protocol in real-time PCR with the following thermal profiles for
the primers. For EGR-1, CDKN1A, and IFNB1 primers: 95 1C, 30 for initial
denaturation, 40 cycles of (95 1C, 100 0 ; 65 1C, 300 0), for P63, FASLG and GML
primers, 40 cycles of (95 1C, 100 0 ; 60 1C, 300 0). A melting curve to validate the
amplification was applied to each run and only one peak was observed in
all assays.

Statistics
Analysis of variance (one way) and unpaired t-test were performed using
GraphPad software (version 5.0; La Jolla, CA, USA). P-values o0.05 were
considered as significant.

RESULTS
TLR-1 triggering in HMCLs has differential modulatory effects on
their adhesion to FN

Increase in drug resistance of MM cells correlates with their
increased adhesion to FN.10,12,13,18 We first tested the effect of
Pam3CSK4 on HMCLs adhesion to FN. TLR1/2 stimulation with
Pam3CSK4 resulted in a decrease of adhesion to FN by Fravel,
OPM-1, OPM-2, RPMI-8226 and NCI-H929 cell lines in a dose-
dependent manner (Figure 1). The concentration for optimal
inhibition of adhesion varied between 1 and 5 mg/ml for these cell
lines. In contrast, three HMCLs L363, UM-6 and U266 showed an
increased adhesion in response to Pam3CSK4. In next experiments
OPM-2, L363 and U266 were used as representative cell lines of
both groups to further investigate the functional consequences of
TLR1/2 stimulation.

Pam3CSK4 sensitizes HMCLs to Velcade in the context of FN
To investigate the effect of TLR-1/2 activation on cell adhesion-
mediated drug resistance, Pam3CSK4-stimulated HMCLs were
incubated in uncoated vs FN-coated plates, and then exposed to
different concentrations of Velcade. In line with previous
studies,12,13 the IC50 of Velcade was higher for cells adhered to
FN compared to that for non-adhered cells, suggesting the
induction of a cell adhesion-mediated drug resistance (Figure 2).
Although TLR-1/2 activation by Pam3CSK4 induced some toxicity,
combination of Pam3CSK4þ Velcade increased the cell death in
all cell lines, as illustrated by a lower IC50 for Velcade compared
with control-treated conditions (Figure 2).

Pam3CSK4 increases the level of apoptosis following exposure to
Velcade
Next we investigated whether enhancing the cytotoxic effect of
Velcade following Pam3CSK4 stimulation was due to the induction
of apoptosis. HMCLs were stimulated with Pam3CSK4 and
exposed to Velcade for 24 h as described in Materials and
Methods. As depicted in Figure 3, Pam3CSK4 alone caused a
substantial level of apoptosis in all HMCLs, but combination of
TLR1/2 stimulation with Velcade further increased apoptosis.
These findings indicated that TLR-1/2 activation in HMCLs
increased their apoptotic response to Velcade treatment.

Apoptosis triggered by Pam3CSK4 is paralled by increased
caspase-3 activity
We next asked whether the increased apoptotic response induced
by Pam3CSK4 was accompanied by activation of the caspase
cascade. Intracellular levels of cleaved and pro-enzyme forms of

caspase-3 were measured using immunoblotting (Figure 4).
Pam3CSK4 alone weakly induced procaspase-3 cleavage in OPM-
2 and U266 cell lines but not in L363. A prominent upregulation of
cleaved caspase-3 protein was observed in Velcade-treated or
Pam3CSK4þ Velcade HMCLs, which was accompanied by a
complete disappearance of procaspase-3 protein. Next, to under-
stand if Pam3CSK4 alone or its combination with Velcade
influenced the enzymatic activity of caspase-3, we assayed its
activity using a specific peptide substrate. The enzymatic activity
was not significantly increased by Pam3CSK4 alone, while it was
most prominently increased in Pam3CSK4þ Velcade-treated cells
(Figure 5).

p53 pathway may be indirectly involved in apoptosis-enhancing
effect of Pam3CSK4
It has recently been demonstrated that the transcription factor
NF-kB and tumor suppressor protein p53 crosstalk to control
apoptotic or survival signals transduced through NF-kB.34,35 As
many TLRs activate NF-kB pathway,36 we explored if p53 signaling
pathway was involved in controlling the increased apoptosis by
Pam3CSK4 in OPM-2 cells. For this purpose, we first determined
using a gene array the expression of 84 genes involved in the p53
signaling pathway after treatment with Velcade of control- and
Pam3CSK4-stimulated OPM-2 cells. Fourteen genes, which were
involved in apoptosis, cell cycle and proliferation, displayed 1.5- to
37-fold upregulation in Pam3CSK4þ Velcade-treated cells
compared with Velcade-treated only (Supplementary Table S2).
Real time PCR analysis of six of these genes (IFNB1, EGR1, GML,
FASLG, TP63 and CDKN1A) confirmed the upregulation for EGR1
(4.0-fold) and CDKN1A (3.88-fold). Other genes showed partial
upregulation (Supplementary Figure S1).

Interestingly, some other genes related to p53 function also
displayed at least 1.5-fold upregulation. These genes included
GML (glycosylphosphatidylinositol-anchored molecule-like pro-
tein,37–39), RPRM (REPRIMO, TP53-dependent G2 arrest mediator
candidate,40) and KAT2B (lysine acetyltransferase 2B orP300/CBP-
associated factor (PCAF)41,42).

Three genes MYC (cell cycle/proliferation), SESN1 (cell cycle) and
TNF (apoptosis) displayed 1.55-, 1.66- and 1.50-fold downregula-
tion, respectively. TP53 and some of its related or target genes
such as BCL2, BIRC5, MDM2 and BAX were unchanged, whereas
TP73, a p53 family member, showed a 27-fold upregulation.

Analysis at protein level indicated that TLR1/2 stimulation with
Pam3CSK4 downregulated p53 and p73 proteins in L363 and
OPM-2 cell lines, whereas in U266 it had no effect on p53 and p73
protein levels. Velcade and more significantly Pam3CSK4þ
Velcade decreased the level of p53 protein in FN-adhered and
non-adhered cells. This is in contrast to the recent finding that
Velcade would upregulate p53 protein in MM cells in stroma-free
conditions.31 Interestingly, in all cell lines Velcade alone or its
combination with Pam3CSK4 increased the level of p73 protein.
Next, we analyzed BCL-2 and Bax proteins whose balance have a
critical role in controlling apoptosis, with upregulation of Bax and
downregulation of BCL-2 signifying an apoptotic response.43,44 As
illustrated in Figure 6, in all HMCLs stimulation with Pam3CSK4 did
not change BCL-2 and Bax proteins compared with the baseline.
Velcade and more significantly Pam3CSK4þ Velcade downregu-
lated both proteins. Taken all together, these findings imply that
TLR-1/2 triggering could amplify the Velcade-induced expression
of genes, which mostly inhibit cell cycle (cell proliferation) or
control apoptosis, in part through the p53 signaling pathway.

Apoptosis promoting effect of Pam3CSK4 in HMCLs is inhibited by
MAPK and NF-kB inhibitors
Activation of PI3K/Akt, MAPK and NF-kB pathways occurs down-
stream to integrin engagement, and adhesion-induced drug
resistance could partly be explained by activation of prosurvival
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Figure 1. The effect of Pam3CSK4 on adhesion of HMCLs to FN. Calcein-AM labeled cells were seeded on FN-coated 96-well plates, which were
incubated at 37 1C for 1 h. At the end of incubation time, total and spontaneous fluorescence were measured with a plate reader. Data
represent the results (mean±s.e.m.) of at least three separate experiments, *Po0.05, **Po0.01, ***Po0.001.
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signals through Ras/MEK/MAPK pathway.7 We tested if interplay of
these pathways could explain the apoptosis inducing effect of
Pam3þ Velcade in FN-adhered cells. HMCLs were first pre-treated

with pathway inhibitors before TLR-1/2 stimulation and Velcade
exposure as outlined in Materials and Methods. Blocking of PI3K
(NVP-BEZ235) pathway inhibited apoptosis in U266, but had no

Figure 2. Stimulation of TLR1/2 by Pam3CSK4 in combination with Velcade results in increased cell death of HMCLs. HMCLs were treated with
Pam3CSK4 or solvent (control) for 24 h, exposed to different concentrations of Velcade for 1 h, washed and seeded in uncoated or FN-coated
96-well plates. Cells were incubated for 72 h, and at the last 4 h XTT containing PMS was added. IC50 for Velcade were determined from the
concentration-cell death curves. L363: IC50 (control, non-adhered)¼ 6.8 mM, IC50 (control, adhered)¼ 13.3 mM; IC50 (þ Pam3, non-adhered¼ 1.0
mM), IC50 (þ Pam3, adhered)¼ 3.5mM; OPM-2: IC50 (control, non-adhered)¼ 2.75 mM, IC50 (control, adhered)¼ 6.55 mM; IC50 (þ Pam3, non-
adhered¼ 0.06 mM), IC50 (þ Pam3, adhered)¼ 0.288 mM; U266: IC50 (control, non-adhered)¼ 2.35 mM, IC50 (control, adhered)¼ 5.49 mM, IC50
(þ Pam3, non-adhered¼ 1.45 mM), IC50 (þ Pam3, adhered)¼ 0.88 mM. Data represent calculated mean±s.e.m. of two separate experiments
with duplicate measurements in each.

Figure 3. Pam3CSK4 enhances apoptotic response of L363 (a), OPM-2 (b) and U266 (c) to Velcade in the presence or absence of FN. Left panel
shows the FACS analysis of annexin-V FITC staining of L363, OPM-2 and U266. HMCLs were stimulated with Pam3CSK4 for 24 h, washed,
incubated in non-coated or FN-coated wells for 8–12 h, and subsequently exposed to 5 nM Velcade for 48 h. Right panel: percent specific
apoptosis was determined with annexin-V/PI staining as described in Materials and Methods. Data represent calculated mean±s.e.m. of at
least three separate experiments. *Po0.05, **Po0.01, ***Po0.001.

TLR-1/2 enhances susceptibility of myeloma cells to Velcade
J Abdi et al

5

& 2013 Macmillan Publishers Limited Blood Cancer Journal



effect on L363 or even increased apoptosis in OPM-2 (Figure 7).
Most consistent inhibitory response in all HMCLs was found with
the MAPK inhibitor doramapimod, which decreased the level of
apoptosis induced by Pam3þ Velcade to that induced by Velcade
only. Inhibition of the NF-kB pathway with Bay-11–7082 also

reduced the Pam3CSK4-induced increase in apoptosis in all
HMCLs.

DISCUSSION
Induction of apoptotic responses by TLR activation has only been
sparsely examined in lymphoid cancers. A recent study indicated
that TLR3 activation of MM cells imposed an apoptotic response,
which was found to be IFN-a mediated.24 Culture of MM cells with
TLR 7 and 9 ligands induces IL-6 secretion, which endows them
with resistance against dexamethasone or serum deprivation-
induced apoptosis.25 Bohnhorst et al.26 found that stimulation of
OH-2 and ANBL-6 myeloma cell lines with Pam3CSK4 induced
cellular proliferation, but in this study no effects on the sensitivity
to cytotoxic drugs were investigated. Our study is the first to show
that cell death of MM cells can be increased by TLR triggering. We
demonstrate that TLR1/2 stimulation of HMCLs increase the
cytotoxicity of Velcade. Also, the partial drug resistance observed
in cells adhered to FN is completely reversed by Pam3CSK4 both
in drug cytotoxicity and apoptosis assays. Furthermore, increased
drug sensitivity and apoptosis induced by TLR1/2 stimulation is
not explained by decreased adhesion of HMCLs. For instance,
activation of PI3K/Akt, MAPK and NF-kB pathways occurs
downstream to integrin engagement, and adhesion-induced
drug resistance could partly be explained by activation of pro-
survival signals through Ras/MEK/MAPK pathway.7 Our study
shows that inhibition of NF-kB and MAPK pathway greatly inhibits
the TLR-1/2-induced increased drug sensitivity in HMCLs.
Induction of apoptosis by Pam3CSK4 has already been
confirmed in human monocytes,45,46 but involvement of the
caspase activation was not clear in these studies. Here, we
demonstrate that stimulation of TLR1/2 by Pam3CSK4 potentiates
apoptosis induced by Velcade, which may be regulated at least
partly via an increase in caspase-3 activity. Immunoblotting
experiments demonstrated that cleavage of pro-caspase-3 into
activated caspase-3 is already maximal in Velcade-treated cells,
and stimulation of TLR1/2 with Pam3CSK4 did increase the
presence of activated caspase-3 (Figure 4). However, TLR1/2

Figure 4. The effect of Pam3CSK4 and Pam3CSK4þVelcade on
cleavage of pro-caspase-3 protein in the presence or absence of FN
in L363 (a), OPM-2 (b) and U266 (c) HMCLs. After treatment with
Pam3CSK4 with or without Velcade, non-adhered and FN-adhered
HMCLs were analyzed for cleaved and pro-enzyme forms of caspase-
3 using western blotting as described in Materials and Methods.
b-Actin was used as a housekeeping protein.

Figure 5. The effect of Pam3CSK4 and Pam3CSK4þVelcade on caspase-3 enzymatic activity in the presence or absence of FN in L363 (a),
OPM-2 (b) and U266 (c) HMCLs. Caspase-3 activity was determined by the release of the fluorescent 7-amino-4-methylcoumarin (AMC) moiety
following hydrolysis of the peptide substrate acetyl-Asp-Glu-Val-Asp-7-amido-4-methylcoumarin (Ac-DEVD-AMC) by the activated enzyme.
Data represent calculated mean±s.e.m. of two separate experiments. *Po0.05.

Figure 6. Western blot analysis of bcl-2, bax, p53, p73 in HMCLs L363 (a), OPM-2 (b) and U266 (c) after Pam3CSK4 and Velcade treatment.
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stimulation significantly enhanced the proteolytic activity of
caspase-3 in Velcade-treated cells (Figure 5). Caspase-3 activity
can be regulated by changes in redox status,29 S-nitrosylation47or
phosphorylation.45 Interestingly, phosphorylation by protein
kinase Cd (PKCd) was specific to caspase-3 and phosphorylation
was required to induce apoptosis in monocytes.45 TLR2 triggering
has been shown to activate PKCd in other cells,48 but whether this
pathway is involved in the enhancement of caspase-3 activity via
PamCSK4 in MM cells is currently under investigation.

Our study may also imply that other pathways in cell survival
and apoptosis could be regulated via TLR1/2 stimulation. Recently
it was shown there could be crosstalk between NF-kB and p53
pathways to control cell cycle and apoptosis in cancer cells.34,35 To
further understand the mechanism underlying enhancement of
Velcade-induced apoptosis by Pam3CSK4, the expression of genes
of p53 signaling pathway was compared in Velcade-treated
and Pam3CSK4þ Velcade-treated OPM-2 cells. p53 protein can
upregulate the expression of downstream genes including CDKN1A,
BAX and FAS/APO-1, which are implicated in cell growth inhibition
and apoptotic cell death.49 Although no effect on BAX gene
expression was found, CDKN1A showed a high upregulation (3.88-
fold) implying that p53 might display at least part of its function
through upregulation of CDKN1A/p21, which has been shown to
mediate p53 growth inhibitory effects.50 Furthermore, we found
another gene upregulated, EGR1, which exerts its apoptotic
function mediated by p53 protein.49 Interestingly, a recent
study demonstrated that EGR1 was activated downstream to JUN
oncogene in MM cells and promoted apoptosis through interaction
with JUN in these cells; furthermore, overexpression of EGR1 was
associated with an increased susceptibility to Velcade and a
favorable prognosis in MM patients.51

TP53 and its related genes, BCL-2, BIRC5 (survivin) and MDM2,
did not change in the expression analysis, while its two family
members, TP63 and TP73, were upregulated. We analyzed p53,
Bax, BCL-2 and p73 proteins in western blotting to evaluate
changes in expression at a post-transcriptional level. We
found that TLR1/2 stimulation downregulated protein expression
of p53 and p73 in L363 and OPM-2 cell lines but not in
U266 indicating a heterogeneity in the response of different
myeloma cells to Pam3CSK4. Combination of TLR1/2 stimulation
with Velcade further decreased the expression of Bax and
BCL-2 protein in all HMCls as compared with Velcade only. To
what extent these changes in both pro-apoptotic and
anti-apoptotic molecules contribute to the TLR1/2-induced
enhanced cytotoxic response remains to be elucidated. Our
study suggests that TLR1/2-induced signaling via MAPK and

NF-kB may indeed integrate with apoptosis pathways in MM
cells (Figure 7).

Taken together, our study indicates that stimulation of TLR1/2
results in enhanced cell death when combined with Velcade,
conceivably by enhancing the caspase-3 activity in myeloma cells.
Further research into the molecular mechanisms linking TLR
activation to drug-induced apoptotic pathways in MM is needed
to evaluate if TLR1/2 stimulation by Pam3CSK4 could be useful in
the therapy of MM.
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