
  JScholar Publishers                  

Patient Bone Marrow Aspiration to Explore the Cyclooxygenases (COXs) Involve-
ment in Multiple Myeloma

Scilimati A1*, Miciaccia M1, Pati ML1, Ferorelli S1, Giampietro R1, Contino M1, Vacca A2, Leone P2, Racanelli 
V2 and Perrone MG1*

1Department of Pharmacy - Pharmaceutical Sciences, University of Bari “Aldo Moro”, Bari, Italy
2Department of Biomedical Sciences and Human Oncology, Internal Medicine Unit G. Baccelli, University of Bari “Aldo Moro”, 
Medical School, Bari, Italy

Journal of  
Cancer Research and Therapeutic Oncology

Citation: Scilimati A, Miciaccia M, Pati ML, Ferorelli S, Giampietro R, et al. (2020) Patient Bone Marrow Aspiration to Explore 
the Cyclooxygenases (COXs) Involvement in Multiple Myeloma. J Cancer Res Therap Oncol 8: 1-14. 

Received Date: November 27, 2020 Accepted Date: December 28, 2020 Published Date: December 30, 2020

*Corresponding authors: Perrone MG, Department of Pharmacy - Pharmaceutical Sciences, University of Bari “Aldo Moro”, 
Bari, Italy, Tel: +39 0805442747 Fax: +39 0805442724; E-mail: mariagrazia.perrone@uniba.it

Scilimati A, Department of Pharmacy - Pharmaceutical Sciences, University of Bari “Aldo Moro”, Bari, Italy, Tel: +39 0805442753; 
Fax: +390805442724, E-mail: antonio.scilimati@uniba.it 

©2020 The Authors. Published by the JScholar under the terms of the Crea-
tive Commons Attribution License http://creativecommons.org/licenses/
by/3.0/, which permits unrestricted use, provided the original author and 
source are credited.

 
J Cancer Res Therap Oncol 2020 | Vol 8: 303

Open AccessResearch Article

Limited data of Cyclooxygenases (COXs) role in Multiple Myeloma (MM) onset and/or progression are available. Then, seven human 
MM cell lines (hMMCLs), representative of different disease stages, were tested to evaluate the COXs expression level. Cell viability 
upon treatments with COX inhibitors alone or in combination with clinically used anti-MM drugs was also determined. All tested drugs 
exerted a fair antiproliferative activity on hMMCLs and did not induce changes of the two isoenzymes expression extent. Biosynthesis of 
COXs-mediated PGE2 and TXB2 and NF-κB activation were measured after cell treatment with COX inhibitors and in combination with 
the anti-MM drugs. No marked synergistic cytotoxic effect was observed by their coadministration. Measuring the PGE2 and TXB2 formed 
amount, it seems that the used drugs exert their action by a COXs independent mechanism, at least in the chosen hMMCLs and then also in 
bone marrow stromal cells (BMSCs), derived from MM patient bone marrow aspirates, as an attempt to build the in vivo disease condition. 
Our data confirmed the permissive microenvironment (BMSCs) role in MM cell proliferation.

Keywords: Multiple Myeloma; Multiple Myeloma Patient Bone Marrow Aspirates; Cyclooxygenase (COX); 2D Cell Culture; Mofezolac; 
Anti-Multiple Myeloma Drugs

Abbreviations: AA: Arachidonic Acid; ASA: Aspirin; BMSCs: Bone Marrow Stromal Cells; BRZ: Bortezomib; CCK-8: Cell Counting 
kit-8; CEL: Celecoxib; COX: Cyclooxygenase; DEX: Dexamethasone; DMSO: Dimethyl Sulfoxide; LPS: Lipopolysaccharide; MDCK: 
Madin-Darby Canine Kidney cells; MM: Multiple Myeloma; MOF: Mofezolac; PBS: Phosphate-Buffered Saline; PFA: Paraformalde-
hyde; PG: Prostaglandin; SC: SC 560; THA: Thalidomide   
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Introduction

 Multiple Myeloma (MM) is still an incurable malignant 
disease affecting plasma cells. It is the second most common he-
matologic malignancy and is characterized by a marked genet-
ic heterogeneity [1]. Tumor cells are mainly located in the bone 
marrow, where their phenotype features (survival, apoptosis, ho-
meostasis, proliferation, invasion and angiogenesis) are affected 
by the interactions with stromal cells, hematopoietic cells, and 
extracellular matrix. Myeloma cells originate from follicle cen-
ter B-lymphocytes by somatic hypermutation of antigen binding 
sites and immunoglobulin isotypes switching to differentiate to 
plasma cells. This suggests a critical role for antigenic and inflam-
matory stimulation in myelomagenesis. Disease-specific therapy 
on symptomatic MM patients eligible for intensive treatment in-
cludes an induction treatment with high-dose dexameth asone  
(DEX) and at least one “new agent”, i.e. the proteasome inhibitor 
bortezomib (BRZ), and the immunomodulatory drugs thalido-
mide (THA) or lenalidomide (LEN) (Figure 1). Such an induc-
tion treatment, acting on tumor plasma cells as well as on tumor 
milieu, decreases the tumor mass and improves patient status.

 DEX (Figure 1) is cytotoxic towards tumor cells and in-
hibits the production of pro- inflammatory mediators that sup-
port tumor cell growth [2]. BRZ inhibits protein degradation 
through the proteasome, resulting in tumor cell cycle blockade 
and apoptosis [3]. LEN and THA have pleiotropic actions not yet 
fully elucidated, such as immune cell stimulation, angiogenesis 
suppression and cell-cycle inhibition and apoptosis induction [4].

 In this context, the P-glycoprotein (P-gp) role should 
also be considered in stating the overall effectiveness of MM 
treatment. Multidrug resistance (MDR) mediated by P-gp is one 
of the major reasons for the failure of most cancer treatments. It 
is proven that non-steroidal anti-inflammatory drugs (NSAIDs) 
such as aspirin, curcumin, ibuprofen and NS-398 downregulate 
P-gp expression [7], thus, overcoming P-gp-mediated drug re-
sistance. These results provide the rationale to study NSAIDs as 
P-gp function modulators in MM. Cyclooxygenase is the main 
NSAIDs target [8]. Two isoforms of COX are known, as product 
of different genes, COX-1, and COX-2 [9,10]. Cyclooxygenase 
(COX) is the enzyme in part responsible for the biosynthesis of 
prostaglandins (PGs), catalyzing the conversion of arachidonic 
acid (AA) into PGH2, the precursor of PGs. AA, in turn, is re-
leased from the cell membrane upon inflammatory and mitogen 
stimuli. PGs, particularly PGE2, are mediators of inflammation 
and angiogenesis, and support the growth of several solid tu-
mors [11,12]. PGE2 also stimulates gene transcription, influences 
mitogenesis of normal human bone cells, and promotes tumor 
metastasis. Both known COX isoenzymes contribute to PGE2 
production, even though COX-1 in normal tissue seems to be its 
major source [13]. 

Figure 1: Examples of clinically used anti-multiple myeloma drugs

 The widespread use of high-dosage chemotherapy with 
hematopoietic stem cell transplantation, and the introduction of 
the new agents BRZ, THA and LEN demonstrated that prognosis 

 The relapsed/resistant phenotype can be attributed to 
residual treatment-resistant tumor cells, located in focal lesions 
and responsible for disease relapse. A real cure should completely 
eradicate these tumor cells, and to this end, studies aimed at un-
derstanding the mechanisms driving drug sensitivity/resistance 
should be pursued, and tools for modulating such mechanisms 
should be investigated.

of advanced disease can be significantly improved [6]. However, 
a complete and lasting recovery from the disease is not achiev-
able, and the patients invariably relapse and become resistant to 
all treatment options (or cannot be further treated because of 
adverse side effects onset).

 65-70 Years old patient’s ineligible for intensive medica-
ments are treated with melphalan and prednisone, in combina-
tion with THA or BRZ and eventually LEN [5].
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 Instead, in several human cancer types, COX-2 expres-
sion actively supports tumor cell growth and is considered as an 
indicator of poor prognosis. Accordingly, COX-2 is a useful tar-
get for chemo-preventive and therapeutic intervention for solid 
and, recently, also hematological malignancies [14-17]. A few 
studies have examined COX-2 in chronic myelogenous leukemia 
and non-Hodgkin lymphoma, and very limited data are available 
in MM [18-22]. COX-1 involvement in tumorigenesis was gen-
erally less investigated than COX-2. However, in some type of 
tumors, such as the ovarian cancer [23-25], COX-1 is the major 
PGE2 source, in turn associated with the induction of angiogenic 
factors like vascular endothelial growth factor, basic fibroblast 
growth factor, angiopoietin-1. Hence, it is relevant to control 
PGE2 biosynthesis by inhibiting specifically one or both COXs.

 Several studies showed an improved cytotoxicity when 
anti-MM drugs (i.e., DEX, BRZ, LEN and THA) are used togeth-
er with COX-2 inhibitors (i.e., celecoxib). Recently, positive ef-
fects of COX-1 inhibitors on cytotoxicity, cell cycle and apoptosis 
in two different MM cell lines (RPMI-8226 and NCI-H929) with 
a different COX expression profile were reported [26, 27]. Over-
all, the distinct role of each COX isoform in MM is still unclear, 
also because very few data are available on the effect of COX-1 
inhibition.

 Tumor cells, primarily located in the bone marrow mi-
lieu, interact with stromal cells, hematopoietic cells, and extracel-
lular matrix affecting the most important aspects of the malignant 
cell phenotype (i.e. survival/apoptosis, homeostasis, proliferation, 
invasion and angiogenesis). Particularly, bone marrow stromal 
cells (BMSCs) create a permissive microenvironment for MM cell 
proliferation, angiogenesis, metastasis, and development of drug 
resistance [29]. It was hypothesized that, the pro-tumoral effect 
of BMSCs would correlate, at least in part, with COX activation 
since pro- inflammatory mediators were found to be up regulated 
in it [30]. Thus, a strategy to reduce BMSCs tumor permissive 
effect could be through COX inhibition.

 Herein, we report the results of the co-administration of 
COXs inhibitors with anti-MM drugs in seven human MM cell 
lines, chosen to be representative of various MM stages [31, 32], 
and to human bone marrow stromal cells derived from bone mar-
row aspirations of patients with active MM disease with the aim 
to mime in vivo tumor milieu condition.

 Based on the best of our knowledge, only Ding et al. 
investigated the expression of both COX isoforms and found a 
variable expression in several myeloma cell lines [28]. As a con-
sequence, it is valuable any investigation aimed at both clarifying 
COXs role in MM and the usefulness of their inhibitors, as poten-
tial chemotherapeutic agents, to be used alone or in combination 
with the currently prescribed anti-multiple myeloma drugs.

 In this regard, known COX inhibitors (Figure 2) with 
different selectivity towards the two isoforms [SC 560 (SC) and 
mofezolac (MOF), as selective COX-1 inhibitors; celecoxib 
(CEL) as a selective COX-2 inhibitor; and aspirin (ASA) as dual 
COX inhibitor] were investigated alone or in combination with 
some clinically used anti-MM drugs (Figure 1) on a panel of hu-
man MM cell lines (hMMCLs), selected to be representative of 
the molecular heterogeneity of MM [22, 26-27].

 The effect of those treatments on cell growth, COXs ex-
pression and P-gp modulation was evaluated. PGE2 and throm-
boxane (TXB2) formation, and NF-kB activation were also deter-
mined as a measure of COXs activity.

Figure 2: Chemical structures of some COXs inhibitors and their Selectivity Index (SI). SI corresponds to the ratio 
COX-2 IC50/COX-1 IC50. SI values higher than 1 means that the compound is a selective COX-1 inhibitor [8-10]
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 Cell culture reagents were purchased from EuroClone 
(Milan, Italy). SC 560, celecoxib, aspirin, RIPA buffer, protease 
inhibitor cocktail, Calcein-AM, bisBenzimide H 33342 trihy-
drochloride and Cell Counting kit (CCK-8) were obtained from 
Sigma-Aldrich (Milan, Italy). Mofezolac was prepared in our 
laboratory [33]. Anti-β-actin (Prod #AM4302; Lot 00495954), 
anti-COX-1 (COX- 111; Prod # 35-8100; Lot QD215497) and 
anti-COX-2 (COX-229; Prod # 35-8200; Lot RE231769) were 
purchased from Thermo Fisher Scientific Italia (Monza, Italy) 
antibodies. Anti-mouse secondary peroxidase antibody (Cat. 
#170-6516; Lot L005680 A) and all reagents for Western Blotting 
were purchased from Bio-Rad Laboratories Srl (Milan, Italy).

 Human multiple myeloma cell lines (hMMCLs) are 
widely used for their representation of primary myeloma cells 
and to study the biology of MM. For this purpose, seven  hM-
MCLs delineated by Arkans high glucose Cancer Research Cen-
ter (ACRC) classification were chosen for the studies herein 
described: human NCI-H929, KMS-12-BM and SK-MM-2 cells 
were obtained from the Leibniz Institute DSMZ (Germany); hu-
man RPMI-8226, U266-B1, MM1R, and MM1S MM cells were 
purchased from ATCC (Manassas, VA).

 RPMI-8226 and U266 B1 cells were grown in RPMI-
1640 supplemented with 10% fetal bovine serum, 2 mM L-gluta-
mine, 100 U/ml penicillin, 100 μg/ml streptomycin, in a humid-
ified incubator at 37 °C and 5% CO2 atmosphere.

 HEK-293-derived cell lines stably and inducibly ex-
pressing hCOX-IRES-mPGES-1 were generated in tetracy-
cline-inducible mammalian expression system [34]. HEK-293 
COX-1 and HEK-293 COX-2 were cultured in Dulbecco’s Modi-
fied Eagle Medium (DMEM) containing 10% no-heat-inactivat-
ed fetal bovine serum, supplemented with 2 mM L- glutamine, 
100 μg/ml hygromycin B, and 6.5 μg/ml blasticidin S, in a hu-
midified incubator at 37 °C and 5% CO2 atmosphere.

 MDCK-MDR1, MDCK-MRP1 and MDCK-BCRP 
cells are a gift of Prof. P. Borst (NKI-AVL Institute, Amsterdam). 
Caco-2 and MDCK cells were grown in DMEM high glucose 
supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 
100 U/ml penicillin, 100 µg/ml streptomycin, in a humidified in-
cubator at 37 °C and 5% CO2 atmosphere. Each cell line was used 
from passage 5 to passage 20.

atmosphere. MM1R and MM1S cells were grown in RPMI-1640 
supplemented with 10% fetal bovine serum, 1 mM sodium pyru-
vate, 10 mM HEPES, 1.4 M glucose, 2 mM L-glutamine, 100 U/
ml penicillin, 100 μg/ml streptomycin, in a humidified incubator 
at 37 °C and 5% CO2 atmosphere.

 Bone marrow samples were obtained from 6 patients 
with symptomatic MM according to the International Myelo-
ma Working Group criteria, in turn used to classify monoclonal 
gammopathies, multiple myeloma and related disorders [35]. 
The study protocol was approved by the Medical School Ethics 
Committee of the University of Bari and conformed to the good 
clinical practice guidelines of the Italian Ministry of Health. 
Written informed consent was obtained from each subject in ac-
cordance with the Declaration of Helsinki.

 Bone marrow mononuclear cells (BMMCs) were isolat-
ed by Ficoll-Paque Plus (GE Healthcare Life Sciences) density 
gradient centrifugation. BMSCs were obtained from adherent 
BMMCs cultured for 4 weeks [36]. Specifically, BMMCs were left 
to adhere in culture dishes (BD Falcon) in DMEM supplement-
ed with 10% fetal bovine serum, 2 mM L-glutamine, 100 U/ml 
penicillin, and 100 μg/ml streptomycin disposables and reagent 
purchased from Euroclone. After 1 week, suspension cells were 

 hNCI-H929 was established from the pleural effusion 
of a 62-year-old white woman with myeloma (IgAkappa) at re-
lapse; hKMS-12-BM was established from the bone marrow of a 
64-year-old woman with MM and hSK-MM-2 was established 
from the peripheral blood of a 54-year-old man with plasma 
cell leukemia (Igkappa) (refractory, terminal state); plasma cell 
leukemia is related to MM. hRPMI-8226 was established from 
the peripheral blood of a 61-year-old man with MM (IgG lamb-
da-type) at diagnosis, hU266-B1 was established from the pe-
ripheral blood of a 53-year-old man with IgE-secreting myeloma 
(refractory, terminal state), MM1R, and MM1S MM cells were 
independently created from the parental cell line MM-1 to rep-
resent models of resistance and sensitivity, respectively, to DEX.

 NCI-H929 cells were grown in RPMI-1640 supple-
mented with 20% fetal bovine serum, 50 μM β- mercaptoeth-
anol, 1 mM sodium pyruvate, 2 mM L-glutamine, 100 U/ml 
penicillin, 100 μg/ml streptomycin, in a humidified incubator 
at 37 °C and 5% CO2 atmosphere. KMS-12-BM and SK- MM-2 
cells were grown in RPMI-1640 supplemented with 20% fetal bo-
vine serum, 2 mM L- glutamine, 100 U/ml penicillin, 100 μg/ml 
streptomycin, in a humidified incubator at 37 °C and 5% CO2 

Materials

Bone marrow mononuclear cells derived from MM 
patient bone marrow aspiration

Materials and Methods
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removed, and adherent cells were expanded. After 3 weeks, stro-
mal cells were harvested. 

 BMSCs were cultured in DMEM high glucose medium 
(Euroclone) supplemented with 20% heat- inactivated fetal bo-
vine serum, 2 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml 
streptomycin in a humidified incubator at 37 °C in 5% CO2 and 
95% relative humidity.

 Determination of cell growth was performed using the 
CCK-8 assay at 48 hours. On day 1, 50,000 cells/well were seed-
ed into 96-well plates in a volume of 50 μL. On day 2, the vari-
ous drug concentrations (cell viability paragraph) were added in 
a volume of 50 μL. In all the experiments, the various solvents 
(EtOH, DMSO) used to solubilize the drugs were added in each 
control to evaluate a possible solvent cytotoxic effect. At the es-
tablished incubation time (48 hours) in the presence of the drugs, 
CCK-8 (10 μL) was added to each well, and after 3-4 hours incu-
bation at 37 °C, the absorbance values at ⅄ = 450 nm were read on 
the microplate reader Victor 3 (PerkinElmer Life Sciences).

 All cells were washed twice with 10 ml phosphate buff-
ered saline (PBS), scraped in 1 ml PBS and centrifuged for 10 
min at 1,500 rpm, at 4 °C. Proteins were extracted from cells by 
homogenization in cold RIPA buffer (Sigma-Aldrich) contain-
ing 1X protease inhibitor cocktail and centrifuged for 10 min 
at 14,000 rpm, at 4 °C. The supernatant was recovered, and the 
protein concentration was measured using DC Protein assay Re-
agent Kit (BIO-RAD). 30 μg of protein extract was separated on 
10% polyacrylamide gel (BIO-RAD) and then transferred onto a 
polyvinylidene difluoride membrane (PVDF) by Trans-Blot Tur-
bo Transfer System (BIO-RAD). Membrane was blocked for 1 
hour at room temperature (r.t.) with blocking buffer (1% Blotting 
Grade Blocker, 0.1% Tween 20 in Tris-buffered saline, TBS). The 
membrane was then incubated with either anti-COX-1 (1:500 
mouse monoclonal, overnight at 4 °C), anti-COX-2 (1:500, 
mouse monoclonal, overnight at 4 °C) or anti-β-actin (1:1000 
mouse monoclonal, 1 hour at room temperature) antibodies, di-
luted in blocking buffer. After incubation time, the membrane 
was washed with washing buffer (0.1% Tween-20 in TBS) three 
times and incubated with a secondary peroxidase antibody 
(1:3000 anti- mouse) for 1 hour at r.t. After washing, the mem-
brane was treated with the enhanced chemiluminescence (ECL, 
BIO-RAD) according to the manufacturer’s instructions and the 
blot was visualized by UVITEC Cambridge (Life Technologies). 

 NCI-H929 cells were cultured in 6-well plates at a den-
sity of 1×106 cells/well. Then, the cells were treated with BRZ, 
DEX and THA alone or in combination with mofezolac or ce-
lecoxib and maintained at 37 °C for 48 hours in a humidified 
air containing a 5% CO2. PGE2 levels were determined in the 
supernatant using competitive binding immunoassay (Item no. 
514010, Cayman Chemical, Ann Arbor, MI, USA) following the 
manufacturer’s instructions. TXB2 levels were determined in the 
supernatant using a competitive binding immunoassay (Item no. 
10004023, Cayman Chemical, Ann Arbor, MI, USA) following 
the manufacturer’s instructions [37]. Untreated cells were in-
cluded as a control. The optical density was measured at λ = 412 
nm with precision microplate reader and the amount of PGE2 
(ng/mL) was calculated using a PGE2 standard curve.

 NCI-H929 cells were cultured in 6-well plates at a den-
sity of 1×106 cells/well. Then, the cells were treated with (+) or 
without (-) LPS and in a separate experiment with BRZ, DEX 
and THA alone or in combination with mofezolac or celecoxib 
and maintained at 37 °C for 48 hours in a humidified air con-
taining 5% CO2. Nuclear proteins were isolated by using a com-
partmental protein extraction kit (Item no. 10009277, Cayman 
Chemical, Ann Arbor, MI, USA) following the manufacturer’s 

The expression level was evaluated by densitometric analysis us-
ing UVITEC Cambridge software (Life Technologies), and β-ac-
tin expression level was used as loading control to normalize the 
sample values. 

 Cells were incubated for 24 hours with (+) or without 
(-) LPS at different concentrations (10 μg/ml, 50 μg/ml or 100 
μg/ml) and the cell homogenates (30 μg protein) were applied to 
Western blotting. HEK-293 COX-1 and HEK-293 COX-2 were 
used as positive controls for COX-1 and COX-2 expression, re-
spectively [34]. The protein level of β-actin was used as loading 
control. Expression of COX-1 and COX-2 proteins in NCI-H929 
and SK-MM-2 cell lines upon treatment with mofezolac alone or 
in combination with DEX or THA was determined. Cells were in-
cubated for 48 hours with (+) or without (-) mofezolac (75 μM in 
NCI-H929 and 80 μM in SK- MM-2), DEX (35 μM in NCI-H929 
and 80 nM in SK-MM-2) or THA (45 μM in NCI-H929 and 65 
μM in SK-MM-2) used at different concentrations on the basis of 
the respective EC50 values. The cell homogenates (30 μg protein) 
were applied to Western blotting. The protein level of β-actin was 
used as loading control.

hMMCLs viability determination

Western blotting analysis PGE2 and TXB2 assay

NF-κB activation assay
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protocol. NF-κB activation was assayed using an ELISA-based 
NF- κB (p65) Transcription Factor Assay kit (Item no. 10007889, 
Cayman Chemical, Ann Arbor, MI, USA) containing a 96-well 
plate with immobilized oligonucleotides encoding an NF-κB 
consensus site according to the manufacturer’s protocol. The 
active form of NF-κB contained in the nuclear extract specifi-
cally binds to this oligonucleotide. The primary antibody used 
to detect NF-κB recognizes an epitope on p65 that is accessible 
only when NF-κB is activated and bound to its target DNA. A 
horseradish peroxidase (HRP)-conjugated secondary antibody 
provides a sensitive colorimetric readout that is quantified by a 
precision microplate reader at λ = 450 nm with a reference wave-
length of λ = 655 nm. Untreated cells were included as a control. 
The amount of the activated NF-κB (ng/mL) was calculated us-
ing a NF-κB standard curve.

33342 was added in 100 μl of phosphate buffered saline (PBS) to 
reach the final concentration of 8 μM and plate was incubated 
for 30 min. The supernatants were drained, and the cells were 
fixed for 20 min under light protection using 100 μL per well of 
a 4% paraformaldehyde (PFA) solution. Each well was washed 3 
times with ice cold PBS. Saline buffer was added to each well and 
the plate was read with Victor 3 (PerkinElmer) at excitation and 
emission wavelengths of λ = 340 nm and 485 nm, respectively. 
In these experimental conditions, Hoechst 33342 accumulation 
in the absence and in the presence of tested drugs was evaluated 
and fluorescence basal level was estimated with untreated cells. 
In treated wells, the increase of fluorescence with respect to basal 
level was measured. EC50 values were determined by fitting the 
fluorescence increase percentage versus log[dose].

 These experiments were carried out as previously de-
scribed [38-40] with minor modifications. Briefly, each cell line 
(30,000 cells per well) was seeded into black CulturePlate 96-well 
plate with 100 μL medium and allowed to become confluent 
overnight. 100 μL of test compounds were solubilized in the cul-
ture medium and added to the monolayers, to the final concen-
trations ranging from 0.1 to 100 μM.

 The MDCK-MDR1 cells were seeded into 96-well mi-
croplate in 100 μL of complete medium at a density 2×104 cells/
well [38-40]. The plate was incubated overnight (O/N) in a hu-
midified atmosphere 5% CO2 at 37 °C. The medium was removed 
and 100 μL of complete medium either alone or containing dif-
ferent concentrations of tested drugs was added. The plate was 
incubated for 2 hours in a humidified 5% CO2 atmosphere at 37 
°C. 50 μL of mammalian cell lysis solution was added to all wells 
and the plate was shaken for 5 minutes in an orbital shaker. 50 µL 
of drug solution was added to all wells and the plate shaken for 5 
minutes in an orbital shaker. The plate was dark adapted for ten 
minutes and the luminescence was measured.

 Preparation of Caco-2 monolayer: Caco-2 cells were 
seeded onto a Millicell® assay system (Millipore), where a cell 
monolayer is set in between a filter cell and a receiver plate, at 
a density of 10,000 cells/well [41]. The culture medium was re-
placed every 48 hours and the cells kept for 21 days in culture. 
The Trans Epithelial Electrical Resistance (TEER) of the mono-
layers was measured daily, before and after the experiment, using 
an epithelial voltohmmeter (Millicell®-ERS).

 Generally, TEER values greater than 1000 Ω for a 21 
days culture, are considered optimal.

 Drug transport experiment: After 21 days of Caco-
2 cell growth, the medium was removed from filter wells and 
from the receiver plate, which were filled with fresh HBSS buffer 
(Invitrogen). This procedure was repeated twice, and the plates 
were incubated at 37 °C for 30 min. After this incubation time, 

 These experiments were carried out as already described 
[38-40] with minor modifications. Briefly, each cell line (30,000 
cells per well) was seeded into 96-well black CulturePlate with 
100 μL medium and allowed to become confluent overnight. 100 
μL of tested drugs were solubilized in culture medium and added 
to monolayers, with final concentrations ranging from 0.1 to 100 
μM. 96-Well plate was incubated at 37 °C for 30 min. Hoechst 

 96-Well plate was incubated at 37 °C for 30 min. Calce-
in-AM was added in 100 μL of phosphate buffered saline (PBS) 
to yield a final concentration of 2.5 μM. The plate was incubated 
for 30 min. Each well was washed 3 times with ice cold PBS. Sa-
line buffer was added to each well and the plate was read with 
Victor 3 (PerkinElmer) at excitation and emission wavelengths 
of λ = 485 and 535 nm, respectively. In these experimental con-
ditions, Calcein cell accumulation in the absence and in the pres-
ence of tested drugs was evaluated and fluorescence basal level 
was estimated with untreated cells. In treated wells, the increase 
of fluorescence with respect to basal level was measured. EC50 
values were determined by fitting the fluorescence increase per-
centage versus log[dose].

Calcein-AM experiments
ATPlite assay

Permeability Experiments

Hoechst 33342 fluorescence experiments
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the HBSS buffer was removed and drug solutions and reference 
compounds were added to the filter well at the concentration of 
100 μM, while fresh HBSS was added to the receiver plate. The 
plates were incubated at 37 °C for 2 hours. Afterwards, samples 
were removed from the apical (filter well) and basolateral (re-
ceiver plate) side of the monolayer to measure the permeability. 

 The apparent permeability (Papp nm/second), was calcu-
lated using the following equation:

Papp = [VA/(area × time)] × ([drug]acceptor /[drug]initial)

where VA is the volume (mL) in the acceptor well, area is the sur-
face area of the membrane (0.11 cm2 of the well), time is the total 
transport time in seconds (7200 sec), [drug]acceptor is the concen-
tration of the drug measured by UV spectroscopy [drug]initial is the 
initial drug concentration (1×10−4 M) in the apical or basolateral 
well.

Results and Discussion

 Arachidonic acid (AA) cascade is involved in sever-
al human physio-pathological conditions. It is mediated also by 
COXs. PGE2, one of the prostaglandins formed in the COX-cata-
lyzed AA transformation, is responsible for gastric mucosa integ-
rity and inducer of some severe adverse events. For this reason, 
COXs activity and expression extent are worthy to be determined 
also in this context. COXs expression levels were measured by 
Western blotting analysis in seven human multiple myeloma cell 
lines (hMMCLs) [26], such as RPMI-8226, U266-B1 NCI-H929, 
SK-MM-2, KMS-12-BM, MM1S and MM1R (Figure 3).

 To investigate if COX-1 expression in NCI-H929 and 
SK-MM-2, the only two cell lines expressing COX-1, could be af-
fected by the presence of its selective inhibitor and/or currently 
prescribed anti- multiple myeloma drugs, dexamethasone (DEX) 
and thalidomide (THA) alone or in combination with mofezolac 
(MOF) were administered. A faint band of COX-1 protein, with 
respect to the positive control HEK-293 COX-1 to which the 
value = 1 was assigned (Table 1), was detected in the untreated 
NCI-H929 and SK- MM-2.

COXs expression extent in multiple myeloma cell lines

COXs expression level upon different treatments

Figure 3: Adjusted image of Western blotting experiments depict-
ing the expression of COX-1 and COX-2 isoenzymes determined 
by Western blotting. Original gel blots are reported in Supplemen-
tary Materials

was seen in the LPS treated MM1R and KMS-12-BM cells. No 
COX-1 expression was detected in the other cell lines even if they 
were treated with three different LPS concentrations (10, 50, 100 
μg/ml) for 24 hours. When COX-2 isoenzyme was detected with 
anti-COX-2 monoclonal antibody, the band was only observed in 
LPS-treated U266-B1 cells, and no protein was seen in the other 
LPS-treated and non- treated cell lines.

 As a positive control of COX-1 and COX-2, the engi-
neered cell lines HEK-293 COX-1 and HEK-293 COX-2 [34], 
that stimulated with 10 μg/mL tetracycline express COX-1 or 
COX-2, respectively, were used. COX-1 isoenzyme was detected 
in NCI-H929 and SK-MM-2 cells cultured both in the presence 
or absence of lipopolysaccharide (LPS). A faint band of COX-1 

HEK -293 
COX-1 untreated MOF DEX THA DEX+MOF THA+MOF

NCI-H929 1(100) 0.06(6) 0.085(8.5) 0.13(13) 0.10(10) 0.09(9) 0.17(17)

SK-MM-2 1(100) 0.03(3) 0.09(9) 0.60(60) 0.25(25) 0.28(28) 0.50(50)

Table 1:  COX-1 expression in treated NCI-H929 and SK-MM-2 cell linesa.

aValues refer to the positive control HEK-293 COX-1, to which the value 1 was assigned. In parenthesis, 
the percentage (%) of COX-1 expression with respect to the 100% of HEK-293 COX-1 is reported
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 We have, then, examined if cell cytotoxicity exerted by 
the anti-MM drugs could be affected by the presence of COX in-
hibitors. In view of the different expression levels of COX-1 and 
COX-2 in the seven used hMMCLs, we expected to find a different 
sensitivity of the tumor cell lines to COX inhibitors and eventually 
to their combinations with anti-MM drugs. The drugs treatment 
effect was evaluated by CCK-8 assay on cell growth after 48 hours 
incubation time. COX inhibitors and anti- MM drugs were used at 
different concentrations, chosen based on their EC50 values previ-
ously determined in the same assay conditions.

 In MM1R, BRZ and DEX alone or in combination with 
COX inhibitors displayed low cytotoxic activity (Figure S4). 
Lenalidomide and THA treatment showed an improved antipro-
liferative effect when they were co-adminstered with the three 
COX-1 inhibitors, aspirin, mofezolac and SC 560. The higher 
cytotoxic effect observed in the DEX resistant cell line MM1R, 
upon aspirin treatment could be due to its P-gp downregulating 
properties   [7].

 Celecoxib showed the same or lower effect alone or in 
combination with THA, lenalidomide or DEX.

 In RPMI-8226, that does not express COXs, anti-MM 
drugs cytotoxicity is always increased in the presence of COX in-
hibitors (Figure S5). This cytotoxicity increasing in a cell line that 
does not express both cyclooxygenase isoenzymes, leads us to hy-
pothesize that a COX-independent mechanism might be involved.

 On the other hand, BRZ showed a strong cytotoxic ac-
tivity when it was administered alone or in combination with 
COX inhibitors in KMS-12-BM cell line (Figure S6) another cell 
line which does not express COXs, at least in these experimental 
conditions. Treatment with aspirin, celecoxib, or SC 560 alone or 
in combination with THA, lenalidomide or DEX displayed very 
small changes in antiproliferative activity, while a higher cyto-
toxicity was registered when they were used in combination with 
mofezolac.

 In U266-B1 cells, only SC 560 displayed a higher cyto-
toxicity when it was combined with anti-MM drugs, whereas the 
other COX inhibitors showed the same antiproliferative activity 
alone or in a combined treatment (Figure S7).

 MM1S cell line were the less sensitive to the various 
treatments. Only BRZ, combined with SC 560 or celecoxib was 
found to have a good cytotoxic effect (Figure S8).

its combination with 40 µM aspirin led to a drop in cytotoxicity 
(only 5%), that in turn it is similar to aspirin alone (2%) (Figure 
S3). The antiproliferative effect remained the same when 65 µM 
THA and 4 nM BRZ were administered alone or in combina-
tion with aspirin and celecoxib, whereas the cytotoxic effect was 
higher after the combined treatment with mofezolac and SC 560. 
Aspirin and SC 560 had the same cytotoxicity if administered 
alone or in combination with 80 nM DEX, whereas a higher cy-
totoxicity value was observed for the co-administration of DEX 
and celecoxib, cytotoxicity passes from 5% for DEX alone to 17% 
for the combination of the two drugs.

 In NCI-H929 cells, BRZ and DEX were not effective at 
the concentrations of 35 μM and 2 nM, respectively, whereas THA 
and lenalidomide determined a moderate cytotoxic effect (~30 %) 
at their EC50 = 45 μM. In NCI-H929 cell line the antiproliferative 
activity of BRZ and DEX was slightly improved if combined with 
SC 560, while the cytotoxic effect registered after performing the 
combined treatment with the other COX inhibitors was similar 
to that one obtained after incubation with aspirin, celecoxib and 
mofezolac alone (Figure S2). Antiproliferative activity of COX in-
hibitors was higher in combination with THA and lenalidomide, 
excepted for SC 560 combined with lenalidomide.

 SK-MM-2 treatment with 80 μM lenalidomide alone or 
in combination with 80 μM mofezolac, 80 µM SC 560 or 70 µM 
celecoxib induced the same cytotoxic effect (31-36%), whereas 

Cell viability

 Untreated NCI-H929 expresses 6% of COX-1 (Table 
1), and when cells are co-treated with mofezolac and THA the 
value reached 17%. Much higher is the increase in SK-MM-2, 
in which COX-1 expression was 60% upon treatment with DEX 
alone or 50% in the presence of THA and mofezolac (respect to 
3% in the untreated cells). Incubation with THA alone or DEX 
with mofezolac determined a slight change in COX-1 expression 
(25 and 28%, respectively). A slight synergistic effect seems due 
to co-administered mofezolac and THA to SK-MM-2 cell line be-
cause a little increase of COX-1 expression is observed.

 No COX-2 expression was detected in NCI-H929 and 
SK-MM-2 treated cell lines.

 As above reported (Figure 3) U266-B1 and RPMI-8226 
cell lines in absence of any treatment do not express both COX-1 
and COX-2. After treatment of the same cell lines with mofezolac 
alone or in combination with BRZ, DEX or THA again neither 
COX-1 or COX-2 were detected (Figure S1).
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 To evaluate how anti-MM drugs and COX inhibitors 
could affect PGE2 and TXB2 release and NF- κB activation, cells 
were treated with BRZ, DEX and THA alone or in combination 
with the highly selective COX-1 inhibitor mofezolac, or the se-
lective COX-2 inhibitor celecoxib. PGE2 and TXB2 biosynthesis, 
and NF-κB activation in treated cells did not change respect to 
the basal level measured in the untreated cells (Table S1-S2).

in-AM (MRP1 substrate) in cells overexpressing MRP1 (MDCK- 
MRP1 cells) and of the fluorescent probe Hoechst 33342 (BCRP 
substrate) in cells overexpressing BCRP (MDCK-BCRP cells).

 Mofezolac and aspirin did not interact with any efflux 
pump. Celecoxib and SC 560 were completely inactive towards 
BCRP, whereas they interacted with MRP1 (EC50 = 3.47 μM and 
24.5 μM for celecoxib and SC 560, respectively). SC 560 was active 
towards P-gp (EC50 = 30.8 μM), while celecoxib showed a low ac-
tivity towards the efflux pump (EC50 = 87 μM).

 All COX inhibitors showed a category IIB3 substrate 
profile since Papp (BA/AB) values were > 2 for all compounds and 
they were all unable to induce ATP cell depletion.

 The only exception was aspirin, which displayed a weak 
P-gp inhibitor profile having a Papp < 2, not inducing an ATP con-
sumption and not displaying a P-gp inhibiting effect (Table 2).

 The possible action of the COX inhibitors on P-gp func-
tion was investigated by combining the results of three assays: 
1) inhibition of the transport of a pro-fluorescent probe (Calce-
in-AM) in cells overexpressing P-gp, MDCK-MDR1 cells; 2) ap-
parent permeability (Papp) determination in Caco-2 cell mono-
layer; 3) ATP cell depletion in MDCK-MDR1 cells.

 Evidences collected by the above described experiments 
carried out on human cell lines (hMMCLs) allowed to establish 
their different viability and behavior upon treatment with the same 
anti-MM drugs and COX inhibitors. Based on the obtained results, 
the anti MM drugs and COX inhibitors cytotoxicity seems to be 
not COX-mediated at least in the chosen hMMCLs. Furthermore, 
to overcome the limits of immortalized cell lines, a co-culture of 
primary MM plasma cell lines (CD138+) and bone marrow stromal 
cells (BMSCs), isolated from patients with active MM disease, was 
treated with the same drugs previously used to test their effect on 
hMMCLs. BMSCs seem to have a pro-tumor effect on MM cells 
[43, 44] and because it was supposed that pro-inflammatory me-
diators released upon COX activation could be correlated to the 
permissive microenvironment induced by BMSCs (Figure 4) [45] 
it appeared interesting to investigate COXs expression and their ac-
tivity before and after the pharmacological treatment of BMSCs.

 The first assay establishes the potency of the interaction 
between the compounds and the efflux pump by measuring the 
transport inhibition of the pro-fluorescent probe Calcein-AM, 
which is a P-gp substrate, in a cell line overexpressing P-gp (MD-
CK-MDR1 cells).

 The second assay measures the ratio (BA/AB) between 
passive diffusion (BA: flux from the basolateral compartment to 
the apical compartment, due to passive diffusion since P-gp is api-
cally expressed) and the active transport (AB: flux from the apical 
compartment, where the pump is present, to the basolateral com-
partment, influenced by the P-gp-mediated active transport).

 If BA/AB value is < 2, the compound can be considered 
an inhibitor since the compound is not actively effluxed by the 
apically localized pump.

 A BA/AB value > 2 classifies the compound as trans-
ported P-gp substrate since the compound is actively effluxed 
from the pump located at the apical level.

 The third assay detects the ATP consumption as a result 
of the transport mediated by the pump; generally, a substrate that 
is transported by the pump induces ATP cell depletion, whereas 
a P-gp inhibitor does not induce ATP consumption.

 Compounds displaying a BA/AB > 2 but not inducing an 
ATP cell depletion belong to the class IIB3 substrates [36, 37, 41 ,42].

 Since P-gp, MRP1 and BCRP are the Multi Drug Resis-
tance related proteins involved in determining resistance to che-
motherapy in cancer patients, the selectivity of COX inhibitors 
toward the other two MDR sister proteins, MRP1 and BCRP, was 
also evaluated by measuring the inhibition of the efflux of Calce-

P-gp interacting profile by COX inhibitors

COX expression and drugs effects in patients derived 
BMSCs

aValues are the means ± SEM of three independent experiments carried out in 
triplicate. bPercentage of activity. cApparent permeability ratio (the value is from 
two independent experiments). NA: not active; NO: no ATP consumption.

EC50 (μM)a

                                            ATP Pappc

MDR1 MRP1 BCRP (%)b

MOF NA NA NA NO 2.3 ± 0.2

ASA NA NA NA NO 1.9 ± 0.3

CEL 87 ± 1.2 3.47 ± 0.3 37b NO 5.9 ± 1.1

SC 30.8 ± 1.5 24.5 ± 0.4 32b NO 6.3 ± 0.8

Table 2: P-gp interacting mechanism of COX inhibitors.
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 The hBMSCs treatment with anti-MM drugs deter-
mined a very low cytotoxic effect confirming that hBMSCs 
represent a microenvironment which favors MM cells prolif-
eration. Therefore this condition could in part justify the low 
observed toxicity of anti-MM drugs on the seven  hBMSCs (Fig-
ures S2-S8). This status is reversed in the presence of SC 560 and 
mofezolac, two highly selective COX-1 inhibitors, co-adminis-
tered with THA.

combination with COX inhibitors (mofezolac, celecoxib and aspi-
rin) was also investigated (Figure 6).

 Multiple myeloma (MM) is the second most worldwide 
common blood tumor, representing 10-12% of all haematologi-
cal malignancies. It remains still incurable and is characterized 
by a great burden of morbidity, that significantly impacts on the 
public health system and the quality of the life of the patients. 
The major limitation to identify a proper MM therapy is mainly 
caused from a wide interindividual variation in response to the 
clinically available drugs. Somehow, the heterogeneous response 
to the treatment is mostly due to the molecular characteristics of 
the tumor. Based on the best of our knowledge, COX role in mul-
tiple myeloma is not well defined yet. Seven different human MM 
cell lines were studied to test the antiproliferative effects exerted 
by anti-MM drugs alone or in combination with COX inhibitors. 
They were selected to represent the different stage of this disease. 
Two of the seven cell lines that express COX-1 together with cell 
lines that do not express the COX-1 isoform were selected and 
treated with anti-MM drugs that previously shown the most rep-
resentative changes in cell viability. All the collected data indicate 
that  treatment with anti-MM drugs added with COX inhibitors 
has no synergistic cytotoxic effect and cells exhibited a different 
sensitivity to the same pharmacological treatment seeming not 
COX-1-mediated. These findings are congruent with the hetero-
geneity of the cells, originally selected as representative of the 
different disease conditions. This resemble what clinically hap-
pen, MM patients treated almost in the same way have a different 
response and prognosis.

 COX-1 and COX-2 were found to be expressed in the 
untreated bone marrow stromal cells. COX expression was almost 
completely suppressed upon treatment with anti-MM drugs (BRZ, 
DEX, THA), and the treatment of mofezolac together with DEX 
determined a slight COX-1 expression (Figure 5).

Figure 4: Hypotesis of COX activation in a BMSCs milieu, in turn permissive 
for MM cells proliferation, angiogenesis inducer, metastasis and drug resis-
trance development. COXs structures used are PDB: 6Y3C for COX-1 [46] and 
PDB:1CVU for COX-2 [47]

Figure 5: Expression of COXs in BMSCs upon treatment with mofezolac alone 
or in combination with BRZ, DEX or THA. Cells were incubated for 48 hours 
with (+) or without (-) 100 μM MOF, 100 μM CEL, 100 μM DEX, 100 μM THA, 
300 nM BRZ. 30 μg of protein extract were applied to Western blot. The protein 
level of β-actin was used as the loading control. HEK-293 COX-1 cells are the 
positive control. Original blots are in the Supporting Materials

Figure 6: Anti-proliferative activity of anti-MM drugs alone or added with 
COXs inhibitors on hBMSCs growth

Conclusions

 The cytotoxic activity on the bone marrow stromal cells 
of the three anti-MM drugs (BRZ, DEX and THA) alone or in 

 Experimental conditions more adherent to the in vivo 
status were built by using stromal cells, isolated from bone mar-
row aspiration of patients with active MM disease. Their cul-
ture treated with the same drugs used to investigate hBMSCs 
behaviour revealed a drug low cytotoxic effect confirming that 
hBMSCs behaviour induce a microenvironment which favors 
MM cells viability, condition similar to the in vivo that lower 
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antitumoral efficacy of anti-MM drugs. This status is reversed 
in the presence of two highly selective COX-1 inhibitors SC 560 
and mofezolac when co-administered with THA.

 Since the bone marrow represents a survival-promot-
ing microenvironment of MM tumor cells, even protecting them 
from anticancer drugs [48-55], further studies with cell culture 
3D model are ongoing to investigate whether COX inhibitors 
could affect the protective role of BMSCs isolated from patients 
with active MM.
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