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ABSTRACT
Despite great advance in multiple myeloma (MM) treatment since 2000s, it is still 

an incurable disease and novel therapies are welcome. Therefore, the purpose of this 
study was to explore MM plasma cells’ (MM-PC) proteome, in comparison with their 
normal counterparts (derived from palatine tonsils of normal donors, ND-PC), in order 
to find potential therapeutic targets expressed on the surface of these cells. We also 
aimed to evaluate the proteome of MM cell lines with different genetic alterations, 
to confirm findings obtained with primary tumor cells. Bone marrow (BM) samples 
from eight new cases of MM and palatine tonsils from seven unmatched controls were 
submitted to PC separation and, in addition to two MM cell lines (U266, RPMI-8226), 
were submitted to protein extraction for mass spectrometry analyses. A total of 81 
proteins were differentially expressed between MM-PC and ND-PC - 72 upregulated 
and nine downregulated; U266 vs. RPMI 8226 cell lines presented 61 differentially 
expressed proteins - 51 upregulated and 10 downregulated. On primary tumors, 
bioinformatics analyses highlighted upregulation of protein biosynthesis machinery, 
as well as downregulation of immune response components, such as MHC class I and 
II, and complement receptors. We also provided comprehensive information about 
U266 and RPMI-8226 cell lines’ proteome and could confirm some patients’ findings. 

INTRODUCTION

First described in the mid-1800s [1,2], multiple 
myeloma (MM) is a plasma cell (PC) malignancy, 
characterized by bone marrow (BM) clonal PC infiltration, 
presence of monoclonal protein in serum and/or urine 
and evidence of end-organ or tissue damage [3]. It is the 
second most prevalent hematologic malignancy [4], and 
American Cancer Society estimates that in 2015 about 
26,850 new MM cases will be diagnosed and 11,240 

disease related deaths will occur in the United States [5]. 
The median age at diagnosis is 69 years, and 61.8% of 
MM patients are 65 years or older at diagnosis [6].

A breakthrough in MM treatment has occurred 
since 2000s, with the introduction of immunomodulatory 
(thalidomide, lenalidomide, and pomalidomide) and 
proteasome inhibitor (bortezomib and carfizomib) 
drugs [7]. As a result, response rates, progression-free 
survival, overall survival and quality of life of patients 
have increased considerably [8]. However, some patients 
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remain refractory to current anti-MM treatments, and even 
those who achieve a complete response after autologous 
stem-cell transplant will relapse at some point. Thus, 
MM is still an incurable disease and novel therapies are 
welcome. 

Tumor microenvironment plays a key role in 
the maintenance and progression of several types of 
cancer [9], including solid tumors [10] and hematologic 
malignancies [11]. In MM,  tumor microenvironment is 
represented by BM, where MM tumor cells interact with 
normal components, such as bone marrow stromal cells, 
osteoblasts, osteoclasts, endothelial cells, and extracellular 
matrix, promoting proliferation, migration, survival and 
drug resistance of tumor cells [12]. This interaction 
occurs directly and indirectly, through cell adhesion- 
and cytokine/growth factors-mediated mechanisms, 
respectively [12].

Proteomic studies seem to be a useful tool for a 
better understanding of MM development, as well as 
for the discovery of potential therapeutic targets and 
biomarkers [13]. However, there are a limited number 
of published studies on MM proteomics. Most of them 
evaluated only MM cell lines and, moreover, they provide 
fragmented information [13,14]. Therefore, this work 
can be helpful to fill the gap in the literature about this 
subject, since surface proteins are attractive targets in MM 
treatment, such as CD38 and the respective monoclonal 
antibody daratumumab, which is being tested in clinical 
trials [15].

Therefore, the purpose of this study was to explore 
the proteome of MM cells, in comparison with their 
normal counterparts (derived from palatine tonsils of 
normal donors), in order to find novel potential therapeutic 
targets expressed on the surface of these cells, capable of 
reducing the relapse rate and increasing the quality of life 
of these patients. We also aimed to evaluate the proteome 
of MM cell lines with different genetic alterations, to 
confirm findings obtained with primary tumor cells 

RESULTS

Subjects

All MM patients had advanced stage disease (Durie-
Salmon stage II or III and/or ISS stage ≥ 2). The median 
age at diagnosis was 68.5 years (ranging from 38 to 80) 
and 75% of cases were male (Table 1).

MM Cell Line Culture and Cytogenetic Analyses 
by FISH

According to www.keatslab.org, U266 cell line 
has E419X missense mutation on RB1 gene and A161T 

missense mutation on TP53 gene, while RPMI-8226 
cell line has E285K missense mutation on TP53 gene. 
Although, we have not screened for these mutations in 
our MM cell lines, our U266 cell line has shown deletions 
of chromosome 13 and 17p, which involve, respectively, 
RB1 and TP53 genes, whereas RPMI-8226 cell line has 
shown neither deletion of chromosome 13, nor deletion of 
chromosome 17p (Figure 1).

Protein Extraction/Quantification and Mass 
Spectrometry Analyses 

Protein quantity obtained after extraction ranged 
from 52 µg to 126 µg. 30 μg of peptide solution from MM 
patients and normal donors’ pools and 50 μg of peptide 
solution from each cell line was used for iTRAQ reagents 
labeling.

Bioinformatics Analyses

A total of 81 proteins were found differentially 
expressed between MM-PC and ND-PC, being 72 
upregulated and nine downregulated (Figure 2), whereas  
U266 cell line vs. RPMI-8226 cell line presented 61 

Table 1: Baseline characteristics of MM patients*
Characteristics Cases (N=8)
Age (years)
     Median                68.5
     Range 38-80
Gender (%)
     Female 25.0
     Male 75.0
Isotype (%)
     IgG 50
     IgA 37.5
     LC1 12.5
Light chain (%)
     λ 38.0
     k 62.0
ISS2

      1 12.5
      2 12.5
      3 75.0

1LC = Light Chain.
2ISS = International Staging System.
*Controls (palatine tonsils) were not matched by age or 
gender.
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Figure 1: Cytogenetic analyses of MM cell lines (U266, RPMI-8226) by FISH technique. We evaluated the deletion of 
chromosome 13 (13q14 LSI 13 [RB1] Spectrum Orange, Vysis) and deletion of 17p (17p13.1 LSI p53 Spectrum Orange, Vysis). U226 
showed deletions of 13 and 17p; RPMI-8226 has no abnormalities. The images were obtained under a microscope Olympus BX60, 
MacProbe v4.2.3 software. Increase 100X.

Figure 2: Proteins differentially expressed between MM-PC and ND-PC. a. MM-PC labeled with iTRAQ reagent 117 and 
ND-PC labeled with iTRAQ reagent 116. b. MM-PC labeled with iTRAQ reagent 116 and ND-PC labeled with iTRAQ reagent 117. MM-
PC = Multiple myeloma plasma cell; ND-PC = Normal donor plasma cell; iTRAQ = Isobaric tag for relative and absolute quantification. 
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differentially expressed proteins, being 51 upregulated and 
10 downregulated (Figure 3).  For a detailed information 
about differentially expressed proteins (MM-PC vs. ND-
PC and U266 vs. RPMI-8226), please see Supplemental 
Tables I and II. 

MM-PC vs. ND-PC comparisons: using DAVID 
Bioinformatics Resources 6.7 and adjusted p-value 
by Benjamini method (p<0.05), among our list of 
upregulated proteins, the most enriched Gene Ontology 
(GO)-biological processes terms were related to protein 
biosynthesis, cell death regulation and cell homeostasis 
(Figure 4), and the most enriched Kyoto Encyclopedia 
of Genes and Genomes (KEGG)-pathway was ribosome. 
With regard to protein biosynthesis, 15 out of 35 (43%) 
were ribosomal proteins, showing agreement between 
GO-Biological Processes and KEGG categories. Other 
protein biosynthesis functions differentially expressed 
between tumor and normal PC were related to translational 
elongation, protein folding, trafficking and localization. 
Among them, we highlight NPM1 and HSP70/HSP90 
families.

On the other hand, when we analyzed our list of 
downregulated proteins, using the same cut-off criteria, 
there were no GO-biological processes terms or KEGG-
pathways significantly enriched. However, the function 

of the most interesting downregulated proteins was 
manually annotated and checked in Entrez Gene database 
from NCBI [16]. We found some downregulated proteins 
in MM-PC that seem to play important role in cancer 
immune evasion mechanisms such as: HLA-A, HLA-
DRB5, CR1, and CR2. 

U266 vs. RPMI-8226 comparisons: using the same 
method described above, we found no GO-biological 
process terms significantly enriched among up- or 
downregulated proteins. However, among upregulated 
proteins in U266 cell line in comparison with RPMI-8226 
cell line, the most enriched categories in KEGG-pathway 
were: cell adhesion molecules (CAMs) (ICAM1, ICAM3, 
PTPRC, PECAM1, HLA-A, ITGA4, ITGB1 and CD28) 
and viral myocarditis (also comprising ICAM1, HLA-A 
and CD28 plus DAG1, MYH9). 

MM-PC vs. ND-PC and U266 vs. RPMI-8226 
common features: among upregulated proteins, we 
found an overlap of 10 proteins between patient samples 
and cell lines (Figure 5), such as, adhesion molecules 
(ICAM3 and PECAM1), which can activate a number 
of signaling pathways promoting survival, proliferation, 
migration and drug resistance of MM-PC [17,18]; B2M, 
which is a well-known poor prognosis biomarker for MM 
patients; PTPRC, a protein tyrosine phosphatase receptor, 

Figure 3: Proteins differentially expressed between U266 cell line and RPMI-8226 cell line. a. U266 cell line labeled with 
iTRAQ reagent 115 and RPMI-8226 cell line labeled with iTRAQ reagent 114. b. U266 cell line labeled with iTRAQ reagent 114 and 
RPMI-8226 labeled with iTRAQ reagent 114. iTRAQ = Isobaric tag for relative and absolute quantification. 
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which regulate a variety of cellular processes, including 
cell growth, differentiation, mitosis, and oncogenic 
transformation. Regarding downregulated proteins, we 
found an overlap of only two proteins (Figure 6). 

DISCUSSION

The present study highlighted the importance 
of protein biosynthesis machinery upregulation, such 
as NPM1 and HSP70/HSP90 families, as well as 
downregulation of some components of immune response, 
such as, MHC class I and II molecules, and complement 
receptors. Inhibition or enhancement of these proteins 
could be tested in vitro, in order to find more effective 
therapeutic strategies for MM treatment. The other 
contribution of the present study was to provide abundant 
information about MM-PC proteome in comparison with 
ND-PC, which can be further explored in silico, as well as 
in vitro assays, and also be validated in a larger number 
of patients. Moreover, we also provide comprehensive 
information about U266 cell line proteome (using the cell 
line RPMI-8226 as a control), and could confirm some 
primary tumor’s findings.  

After enrichment analyses of our results, protein 
biosynthesis proved to be one of the most significantly 
biological processes upregulated in MM-PC. Protein 
biosynthesis is an extremely important process for 
normal function of our cells and organisms as a whole 
and, therefore, is strictly regulated in order to ensure 
that it occurs properly [19]. The deregulation of protein 
biosynthesis is related to a number of events that 

contribute to the maintenance and progression of cancer, 
such as, cell proliferation, survival, and angiogenesis [19]. 
In line with our findings, previous studies demonstrated 
the upregulation of genes involved in protein biosynthesis, 
particularly ribosomal protein genes, when comparing 
MM-PC of patients with and without hyperdiploidy 
[20,21,22]. In MM-PC and ND-PC comparisons, among 
upregulated proteins involved in protein biosynthesis, 
NPM1 deserves attention, since its upregulation was also 
found in MM patients with hyperdiploidy [21,22] and 
Maggi et al. (2008) [23] demonstrated in other cell types 
that NPM1 upregulation enhances protein biosynthesis 
and the export of newly synthesized rRNAs. In addition, 
some other proteins involved in protein assembly and 
folding were also upregulated, such as CANX and PPIB.

In our study, we found upregulation of HSP70 
members in MM-PC, including HSPA5, HSPA8 and 
HSPA9, and a member of HSP90 family - HSP90B1. Heat 
shock proteins (HSP) are members of chaperone families 
expressed by cells under normal and stress conditions. 
Their main physiological function is to maintain cellular 
protein homeostasis. For this purpose, they act in different 
levels, such as, proper folding of nascent polypeptides, 
misfolding protein degradation, intracellular trafficking, 
among others [24-28]. However, several studies have 
found HSP upregulation in a number of solid tumors and 
hematologic malignancies, favoring tumor proliferation, 
invasion and metastasis, as well as protecting tumor cells 
from apoptosis and from anti-tumor immune response 
[29]. Clinical studies using HSP90 inhibitors in cancer 
patients failed to confirm preclinical favorable results 

Figure 4: Most enriched GO biological processes terms between MM-PC and ND-PC, after bioinformatics analyses. 
GO = Gene ontology; MM-PC = Multiple myeloma plasma cell; ND-PC = Normal donor plasma cell. 
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[30]. This can be explained because HSP90 inhibition 
causes a compensatory increase of HSP70 members [30]. 
Therefore, some groups had proposed the inhibition of 
HSP70 family members alone or in combination with 
HSP90 inhibitors, and they have achieved quite promising 
results [31,32,33]. The inhibition of HSPA8 (also known 
Hsc70) in MM has been evaluated and the results were 
very positive [33]. Our results suggest that the inhibition 
of other members of HSP70 family, as well as proteins 
with similar functions, should be tested in vitro and in 
vivo, in order to expand the range of therapeutic targets.

The concept of tumor immune surveillance was first 
proposed in the 70s [34] and it assumes that the immune 
system is capable of identifying and eliminating pre-
cancerous and cancerous cells, before they can establish 
the disease [35]. However, since immunocompetent 
individuals can indeed develop cancer, a more appropriate 
concept is immunoediting, which is divided into three 
phases: elimination, equilibrium and escape [36]. In the 
latter, tumor cells develop a number of mechanisms to 
evade immune response and thereby enable the disease 
progression [37]. Among these arsenal, downregulation 
or complete loss of MHC class I expression have been 
described in several types of cancer [38], including 
MM [39]. In our study, despite upregulation of β2-
microglubulin (light chain of MHC class I and a well-
known poor prognosis biomarker in MM patients), HLA-A 
(heavy chain of MHC class I) was downregulated in 
MM-PC, suggesting a possible escape mechanism from 
cytotoxic T lymphocytes action by MM humans cells. In 

line with the results obtained in primary tumor samples, 
β2-microglubulin and HLA-B were, respectively, up- 
and downregulated in U266 cell line when compared to 
RPMI-8226. However, different than it was expected, 
HLA-A was upregulated in U266 cell line. This finding 
may be due to comparison of two tumor cell lines and, in 
this situation, MHC class I proteins expression maybe not 
a relevant differential criteria. In our study, we observed a 
downregulation of a molecule - HLA-DRB5 - that belongs 
to MHC class II, corroborating the idea of immune 
evasion.

Still in relation to the immune response, complement 
system plays a key role in innate immune response and, 
among its many functions, it play an important role against 
infections [40]. Since MM patients are more susceptible to 
infections, some studies have attempted to evaluate if the 
complement system is impaired in these patients [41,42]. It 
is believed that the complement system plays an important 
role in anti-tumor immunity [43] and, therefore, when 
its function is impaired, besides patient susceptibility 
to infection they are also more prone to develop some 
kinds of cancer.  In our work, we found the complement 
receptors type 1 and type 2, CR1 and CR2, (also known 
as, CD21 and CD35, respectively) downregulated when 
MM-PC are compared to ND-PC. CD21/CD35 are very 
important for B cell activation and maturation [44]. Thus, 
CD21/CD35 downregulation on MM-PC might impair B 
cell maturation and activation, figuring a potential immune 
escape mechanism for MM pathogenesis or maintenance. 

Regarding MM cell lines, after functional 
enrichment analyses, some adhesion molecules proved 
to be the most interesting proteins upregulated in U266 
cell line in comparison with RPMI-8226 cell line. Among 

Figure 5: Venn Diagram representing the overlapping 
of upregulated proteins between both comparisons 
(MM-PC vs ND-PC and U266 vs RPMI-8226). MM-
PC = Multiple myeloma plasma cell; ND-PC = Normal donor 
plasma cell. 

Figure 6: Venn diagram representing the overlapping 
of downregulated proteins between both comparisons 
(MM-PC vs ND-PC and U266 vs RPMI-8226). MM-
PC = Multiple myeloma plasma cell; ND-PC = Normal donor 
plasma cell.
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these molecules, some of them deserve greater attention, 
such as CD28, ITGB1 and ICAM1. Recently, Murray et al. 
(2014) [45] have proposed that CD28 molecule, through 
PI3K/Akt pathway, plays a key role in MM cells survival 
and resistance to chemotherapy. ITGB1, an intregrin, 
is very important for cell adhesion and recognition in a 
variety of processes. In MM, it exerts an important role in 
the interaction between MM-PC and bone marrow stromal 
cells, which is essential for MM progression. ICAM1 
is a cell surface glycoprotein, however, it is typically 
expressed by bone marrow stromal cells and interacts 
with ITGB2 and MUC-1, both expressed by MM-PC. 
This interaction promotes activation of some pathways 
that contribute to MM-PC.

When we compared our lists of upregulated proteins 
in MM-PCs and U266 cell line, we found an overlap of 
some proteins that might contribute, directly or indirectly, 
to disease progression. However, when we compared our 
lists of downregulated proteins in MM-PCs and U266 cell 
line, the results were different from the expected, since 
HSPE1 is a heat shock protein that acts as a chaperonin 
and TYMP is a proangiogenic factor. For both, we 
expected increased expression in MM-PC but we found 
downregulation.

A clear limitation of our study was the absence of 
specificity of the kit used to extract membrane proteins. 
However, instead of a disadvantage, enrichment analyses 
enabled us to find many interesting proteins differentially 
expressed in other cellular compartments than plasma 
membrane. Other potential limitation is the fact that 
MM cases and controls were not matched by age. In our 
opinion, there is also no ideal control for MM-PC, since 
normal PC are in a limited number in peripheral blood 
(2/µL) [46] and BM of healthy people (<5%), and those 
obtained from people who have undergone tonsillectomy 
are derived from an inflammatory tissue and have a strong 
proliferative profile compared to normal bone marrow 
PC. However, we chose PC from palatine tonsils to ensure 
a sufficient amount of protein for mass spectrometry 
analyses, and since our results showed some well-known 
differentially expressed proteins in MM-PC, we can infer 
that gene expression of PC from palatine tonsils is, at 
least in part, similar to that of PC derived from BM of 
healthy individuals and, thus, it can figure as a normal 
control. Besides, another limitation of our study was the 
absence of mass spectrometry validation. Since MM is 
a rare disease and all samples collected were used for 
mass spectrometry analyses, we were not able to validate 
the most relevant proteins. However, our main goal was 
to provide comprehensive information about MM-PC 
proteome with some biological processes and pathways 
suggestions for further exploration. 

In summary, our results showed that protein 
biosynthesis machinery is deregulated in MM-PC, 

mainly ribosomal proteins and proteins from HSP70 and 
HSP90 families, which are already being studied in MM 
as potential therapeutic targets. Besides, we also found 
downregulation of some proteins of immune system that 
are essential for antigen processing and presentation, as 
well as for complement system activation. 

MATERIAL AND METHODS

Patients 

Between February 2011 and June 2012, eight new 
cases of MM were enrolled at University Hospital São 
Paulo, São Paulo, Brazil. The diagnosis of MM was 
based on the International Myeloma Working Group 
[3] and information on the stage of the tumor was 
obtained according to Durie-Salmon criteria [47]and the 
International Staging System (ISS) [48]. Seven unmatched 
controls were included from a cohort of patients who 
underwent tonsillectomy at University Hospital São Paulo, 
São Paulo, Brazil. This study also relied on the use of 
two MM cell lines (U266, RPMI-8226), for comparative 
purposes. 

Bone Marrow and Palatine Tonsil Samples

After informed consent, BM aspirates were collected 
from MM cases at diagnosis, before any treatment (no 
chemotherapy, no corticosteroids, no bisphosphonates, 
no proteasome inhibitors, and no immunomodulatory 
drugs). Palatine tonsils from controls were collected at the 
moment of tonsillectomy, after informed consent signature 
according to the criteria described above. 

Sorting of Plasma Cells (PC)

Immediately after collection, BM aspirates from 
MM patients underwent separation of PC (MM-PC), 
using Magnetic Cell Sorting of Human Cells (MACS) 
methodology (MiltenyiBiotec, Bergisch Gladbach, 
Germany). The marker used for MM-PC sorting was 
CD138 antigen, which is expressed in normal and 
neoplastic PC surface, but neither on circulating B and 
T lymphocytes, nor monocytes. After surgical removal, 
palatine tonsils were immediately transferred to Petri 
dishes containing DPBS (1X), and submitted to small 
superficial cuts with a scalpel. Then, they were washed 
with DPBS (1X) in order to obtain a cell solution. Finally, 
cell solutions underwent PC separation by the same 
method as MM-PC. PC derived from palatine tonsils, i.e., 
from normal donors (ND-PC) and MM-PC were frozen in 



Genes & Cancer469www.impactjournals.com/Genes&Cancer

45% of RPMI 1640 medium, 45% of fetal bovine serum 
(FBS), and 10% of DMSO, and stored in liquid nitrogen 
until use. 

Culture and Cytogenetic Analyses of MM Cell 
Lines

MM Cell lines were cultured in RPMI 1640 medium, 
supplemented with 10% of FBS, 1% of L-glutamine, 1% 
of MEM Nonessential Amino Acids, and 40 mg/mL of 
garamycin. The cultures were fed three times a week and 
incubated at 37°C in 5% CO2. 

MM cell lines (U266 and RPMI-8226) underwent 
FISH analyses, and the following markers were evaluated: 
deletion of chromosome 13 (13q14 LSI 13 [RB1] 
Spectrum Orange, Vysis) and deletion of 17p (17p13.1 LSI 
p53 Spectrum Orange, Vysis) [49].  

Protein Extraction and Quantification

Cell surface protein extraction and quantification 
were performed using, respectively, the Pierce Cell 
Surface Protein Isolation kit and the Pierce 660 nm Protein 
Assay (Thermo Scientific, Rockford, IL, USA), according 
to the manufacturer’s instructions. 

In order to obtain sufficient protein concentration 
for mass spectrometry analyses, human samples were 
combined in pools: MM-PC (n = 8) and ND-PC (n = 7). 

Steps Before Mass Spectrometry Analyses 

Before mass spectrometry analyses, proteins 
underwent the following steps: trypsin digestion, 
desalting, labeling with 4-plex iTRAQ (Isobaric Tag 
for Relative and Absolute Quantification) kit (Applied 
Biosystems, Framingham, MA, USA), new desalting and 
detergent removal. Technical replicates of each sample 
(peptide solution) were labeled with a different isobaric 
tag. During labeling with iTRAQ, human samples were 
grouped in pools as described above, and compared as 
follows:  MM-PC vs. ND-PC, and U266 cell line vs. 
RPMI-8226 cell line. 

Mass Spectrometry Analyses 

Samples were analyzed in the LTQ Orbitrap Velos 
mass spectrometer, a very sensitive device, coupled 
with LC-MS/MS by EASY-nLC II system (liquid 
nanocromatography), and data were collected using the 
database Proteome Discoverer v.1.3 with Sequest, in 
comparison with the NCBI Database Human IPI v.3.86.

Statistics and Bioinformatics Analyses

First, proteins that have not had sufficient expression 
to be detected in the technical replicate were excluded. 
Cut-off criteria to define differentially expressed proteins 
were arbitrarily established - fold-change of 1.5 for 
upregulation and 0.6 for downregulation - these values 
were chosen in order to identify even minimal differences 
in protein expression between groups. Functional 
enrichment analyses were performed separately for 
the upregulated and downregulated proteins, using the 
software DAVID [50].

Ethical Aspects 

This study was submitted and approved by the 
UNIFESP  Ethics Committee, under the number of 
1533/10. 
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