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a  b  s  t  r  a  c  t

Mounting  data  show  that fatty  acids  (FA)  and  fatty  acid  synthase  (FAS)  function  could  be potential  targets
for  multiple  myeloma  (MM) therapy.  Our study  aimed  at comparing  the  FA composition  of erythrocyte
membranes  of  MM patients  and  healthy  controls.  MM patients  had  higher  saturated  FA  and  n-6  polyun-
saturated  FA  (PUFA)  and  lower  monounsaturated,  n-3  PUFA  and  trans-FA  indices  than  controls.  The
n-3/n-6  PUFA  ratio was  lower  in  MM patients  and  there  was distinct  clustering  of  variants  of  individual
FA  in  MM  patients.  The  FA content  of erythrocyte  membrane  could  serve  as a diagnostic  and/or  predictive
biomarker  in  MM.

© 2014  The  Authors.  Published  by  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Multiple myeloma (MM)  is the second most common hema-
tological malignancy and accounts for approximately 1% of all
malignant neoplasms. The incidence of MM is approximately
120,000 cases annually, with a global prevalence of over one mil-
lion cases [1,2]. MM is characterized by a pathological, uncontrolled
proliferation of malignant clonal plasma cells in the bone marrow,
as well as the presence of monoclonal proteins in the plasma and/or
urine.

Abbreviations: FA, fatty acids; RBC, red blood cells; MM,  multiple myeloma; SFA
(SAT), saturated fatty acids; UNSAT, unsaturated fatty acids; MUFA, monounsatu-
rated fatty acids; PUFA, polyunsaturated fatty acids; EPA, eicosapentaenoic fatty
acid; DHA, docosahexaenoic fatty acid; AA, arachidonic acid; LA, linoleic acid; ALA,
�-linolenic acid; PBS, phosphate buffer saline; BHT, butylated hydroxytoluene; BF3,
boron trifluoride; GC, gas chromatography; FID, flame ionization detector; COX,
cyclooxygenase (prostaglandin endoperoxide synthase).

∗ Corresponding author at: Department of Hematology, University Hospital, ul
Kopernika 17, 31-501 Kraków, Poland. Tel.: +48 124247600.

E-mail address: mmjurczy@cyf-kr.edu.pl (A. Jurczyszyn).
1 These authors contributed equally to the work.

Fatty acids (FA) play an important biological role not only for
their energetic and storage functions but also for many physi-
ological and pathological immunologic pathways. The potential
influence of lipids on neoplastic development may  be due to influ-
ence on the metabolism of neoplastic cells, the function of lipids
as intercellular messengers, or as mediators of the inflammatory
reaction. For example, increased fatty acid synthase (FAS) expres-
sion is observed in the cells of cancers including those of the large
intestine, prostate, ovaries, endometrium, and breast [3]. FAS is
important in the neoplastic process due to its influence on the pro-
liferation of cells and the incorporation of lipids in the membranes
of neoplastic cells, and can be a potential target for anticancer
therapy, as previously described [4–6]. Wang et al. [7] observed
increased expression of FAS in human myeloma lines as well as pri-
mary MM cells. Tirado-Velez et al. [8] demonstrated that inhibition
of FA metabolism is associated with antiproliferative and apoptotic
effects in human MM.

Recent studies have confirmed the importance of soluble
cytokines and their receptors in the pathophysiology of MM.  It
has been shown that the level of soluble receptors for IL-6 (sIL-
6R) is elevated in myeloma patients compared to healthy subjects,
and its level correlates with disease severity [9]. Silvestris et al.
[10] demonstrated that the abnormal up-regulation of apoptogenic
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receptors, including both the Fas ligand (L) and tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL), by MM cells plays
a role in the ineffective erythropoiesis and chronic exhaustion of the
erythroid matrix seen in these patients [10,11].

Potentially valuable information can be gathered from the anal-
ysis of membrane lipid composition in RBC that provides a simple,
suitable model for studying FA metabolism [12–16]. Therefore,
accurate measurement of plasma and red blood cell FA could have
important physiological and clinical implications. A better under-
standing of the distribution of FA in the erythrocyte membrane
of patients will provide important insights into lipid metabolism
and could guide future biomarker selection. Erythrocyte FA may  be
superior to plasma FA for reflecting long-term FA intake as they
are less sensitive to recent intake and have a slower turnover rate
[15,17–19]. Therefore, we hypothesized that the FA composition
of erythrocyte membranes in patients with MM would differ from
healthy controls.

2. Materials and methods

2.1. Reagents

Butylated hydroxytoluene (BHT), 14% BF3 and FAME standards were purchased
from Sigma–Aldrich (St. Louis, USA). Analytical grade chloroform, methanol and
n-hexane were obtained from Merck (Darmstadt, Germany). Water (18.2 M�,
TOC  < 5 ppm) was ultrapurified and filtered through a Milli-Q Plus system filter (Mil-
lipore, Bedford, USA). Gases for chromatography of a 5.5 purity level were purchased
from AirLiquide (Poland).

2.2. Patients

These patients were cared for at the Hematology clinic of the University Hos-
pital in Krakow. Diagnosis of MM was based on current WHO  criteria, patients
with  MM had greater than 10% plasma cells in BM aspirate and the presence of
M-protein in the serum or urine [20]. Patients with MM were treated according to
the guidelines of the Polish Myeloma Group. For patients under 65 years of age, first
line treatment consisted of the CTD protocol (cyclophosphamide, thalidomide, and
dexamethasone) followed by cyclophosphamide and G-CSF mobilization followed
by autologous stem cell transplantation. In cases of disease recurrence, treatment
consisted of bortezomib or lenalidomide based regimen plus steroids. Patients over
65  years of age were treated either with the MPT  (melphalan, prednisone, and
thalidomide) or VMP (bortezomib, melphalan, prednisone) protocols. In cases of
disease progression lenalidomide and dexamethasone were given [21]. Exclusion
criteria included the presence of acute or chronic inflammatory diseases.

2.3. Sample collection

Venous blood samples were collected in K2-EDTA-containing tubes. Erythro-
cytes were separated from plasma by centrifugation (1500 × g, for 10 min) and
washed with PBS. 10 �l of 0.05% BHT was added to each sample. The study was  con-
ducted in accordance with the Declaration of Helsinki and approved by the Local
Ethics Committee.

2.4. Isolation of cell membranes from erythrocytes

Hemoglobin-free erythrocyte membranes were prepared by hypotonic hemol-
ysis  at 4 ◦C in 10 mM Tris with pH 7.4. Membranes were then isolated by
centrifugation (10,000 × g for 15 min) and washed several times to eliminate
hemoglobin residues according to the method proposed by Graham [22].

2.5. Lipid analysis

Total lipid extraction from erythrocyte membranes was carried out with a solu-
tion of chloroform/methanol (2:1) [23]. The synthesis of fatty acid methyl esters of
total lipids in the erythrocyte membranes was  carried out with 14% BF3 in methanol
[24]. The FA methyl esters were analyzed using gas chromatography (Agilent 6890N)
[25]. Chromatograph parameters were as follows: FID 260 ◦C, oven-start at 140 ◦C
and ramp up to 240 ◦C. Column DB – 23 (60 m,  0.25 �m).  Inlet temperature 250 ◦C,
split 40:1, injection 1 �l. Fatty acid methyl esters were identified according to
standards (Sigma, Supelco). The data were analyzed using ChemStation and Excel.
Results were expressed in relative percentage of total FA.

2.6. Statistics

All data are presented as means ± SD. Differences between study groups were
determined using the F-test, or the Mann–Whitney U-test if normality was  not
observed. Analysis of similarities between content of the erythrocyte membranes of

healthy controls and MM patients was performed using clustering methods. Ward’s
method with Euclidean distance matrix was  used to group a set of objects in such
a  way that objects in the same group are more similar to each other than to those
in  other groups. Calculations were performed using Statistica 10 (StatSoft® , Poland)
software, and statistical significance was defined as p ≤ 0.05.

3. Results

The study group included 43 patients with a pathological diag-
nosis of MM including 21 men  and 22 women, with age ranging
from 47 to 85 years (average 61 years), and with bone marrow plas-
mocytosis from 16% to 64% (average 36%). The average time from
diagnosis was 2.4 years. In 55.9% of patients, we  noted MM IgG
kappa, in 20.9% there was light chain disease, in 11.6% IgA lambda,
in 9.3% IgG lambda, and in 2.3% IgA kappa. According to ISS criteria,
41.9% of patients were classified as stage I, 16.2% as stage II and
41.9% as stage III. As of the present time, four patients (10%) have
died. We  also recruited 21 healthy controls, 13 men  and 8 women,
aged 35–78 years (average 52 years).

Comparison of erythrocyte membrane FA composition in
patients with MM and controls are shown in Table 1. We  identified
19 FA in erythrocyte membranes from MM patients and healthy
subjects. We  calculated total saturated FA (SFA), monounsaturated
FA (MUFA), n-6 and n-3 polyunsaturated FA (n-6 PUFA, n-3PUFA)
as well as trans-FA. Additionally, we calculated the n-3/n-6 ratio.

From our analysis we observed that FA profiles differ in the
erythrocyte membranes of patients with MM when compared to
the control group. The total SFA index was higher in MM patients
than in controls (44% vs. 36%) with higher index of palmitic acid but
lower index of stearic acid. The total MUFA index was  lower in MM
patients than in controls (16% vs. 26%) with higher indices of pen-
tadecanoic and palmitoleic but lower index of oleic acid. The total
n-6 PUFA index was higher in MM patients (33% vs. 26%) with higher
indices of eicosadienoic, dihomo-�-linolenic and arachidonic acid.
The total n-3 PUFA index was lower in MM patients (7% vs. 9%)
with higher indices of linolenic and eicosatrienoic acids but lower
indices of EPA and docosapentanenoic acid. The total TFA index was
lower in MM  patients (0.7% vs. 1.5%). The n-3/n-6 ratio in erythro-
cyte membranes of MM patients was half than the control group
(0.2 vs. 0.4).

To determine the covariant behavior of the measured variables,
we analyzed such variables to identify which one best discriminates
the FA profile in RBC membranes and plasma from healthy people
and patients with MM (Fig. 1a and b). Variables were separated into
four unique clusters. In healthy patients, RBC membrane cluster 1
consisted of n-3 FA (18:3n-3, 20:3n-3) and C22:4n6, while clus-
ter 2 consisted of n-6 FA (18:3n-6, 20:2n-6, 20:3n-6). We  observed
grouping of certain medium chain FA variants (14:0, 14:1, 15:1 and
16:1) in cluster 3. In cluster 4 we observed grouping of FA vari-
ants 18:2n-6 and 20:4n-6. In contrast, variants 16:0, 18:0, and 18:1
grouped further away (Fig. 1a). In patients with MM,  in contrast to
the control group, grouping of n-3 FA in the first cluster consisted of
the following variants: 18:3n-3, 20:3n-3 and 22:5n-3. n-6 FA vari-
ants dominated in the second cluster (18:3n-6, 20:2n-6, 20:3n-6).
In the second cluster we also noted grouping of n-3 FA (DHA and
EPA). Cluster 3 included medium-chain and long-chain FA variants.
In cluster 4, we noted grouping of 18:2 n-6, 20:4 n-6, 16:0, 18:1,
18:0 and 16:1 FA (Fig. 1b).

4. Discussion

Our study is the first of its kind in that it evaluated the full FA
profile of erythrocyte membranes in patients with MM.  Motiva-
tion for this study came from suggestions that fish-based diet may
have an effect on the course of hematological malignancies, includ-
ing MM [12,26,27]. Further motivation came from recent studies
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Table 1
Erythrocyte membrane fatty acid profile in 43 patients with myeloma and 21 healthy controls reported as means ± SD (% of peak area).

Fatty acids Controls Myeloma p value

C14:0 myristic 2.0 ± 1.2 (0.2–5.3) 1.9 ± 1.3 (0.3–7.0) NS
C16:0  palmitic 24.2 ± 3.5 (12.2–32.3) 36.4 ± 6.4 (21.0–53.2) 0.001
C18:0  stearic 10.8 ± 3.9 (4.5–18.0) 6.0 ± 3.6 (1.2–21.6) 0.001
Total  SFA 36.6 ± 9.8 (26.7–48.8) 44.3 ± 5.9 (30.2–56.3) 0.001

C14:1n-5 myristoleic 1.9 ± 1.6 (0.1–6.9) 1.3 ± 1.1 (0.1–4.4) NS
C15:1  pentadecanoic 0.1 ± 0.3 (0.0–1.4) 1.3 ± 1.5 (0.1–9.2) 0.001
C16:1  palmitoleic 3.5 ± 1.7 (1.0–7.4) 5.9 ± 3.4 (0.9–15.0) 0.002
C18:1n-9c oleic 19.6 ± 3.5 (12.4–25.7) 6.8 ± 2.2 (3.6–11.6) 0.001
C20:1n-9 eicosaenoic 0.8 ± 0.9 (0.0–3.2) 0.4 ± 1.0 (0.0–5.0) NS
Total  MUFA 25.9 ± 8.1 (19.8–33.8) 15.7 ± 4.6 (9.2–33.1) 0.001

C18:2n-6 linoleic 6.4 ± 2.5 (2.1–10.0) 5.9 ± 2.4 (0.0–12.8) NS
C18:3n-6 �-linolenic 2.2 ± 1.0 (0.0–4.0) 2.0 ± 1.1 (0.1–5.6) NS
C20:2n-6 eicosadienoic 1.4 ± 2.2 (0.0–6.4) 2.7 ± 2.5 (0.0–10.2) 0.004
C20:3n-6 dihomo-�-linolenic 1.7 ± 1.3 (0.0–3.4) 4.4 ± 2.8 (0.0–1.6) 0.001
C20:4n-6 arachidonic 14.2 ± 2.9 (9.2–22.0) 17.7 ± 3.5 (10.8–25.8) 0.001
C22:4n-6 adrenic 0.3 ± 0.1 (0.0–3.4) 0.1 ± 0.1 (0.0–0.1) NS
Total PUFA n-6 26.3 ± 10.5 (18.4–35.0) 32.8 ± 4.3 (24.5–41.3) 0.001

C18:3n-3 linolenic 0.4 ± 0.5 (0.0–2.3) 0.9 ± 0.6 (0.1–2.8) 0.009
C20:3n-3 eicosatrienoic 0.1 ± 0.1 (0.0–1.1) 1.3 ± 0.6 (0.0–2.4) 0.001
C20:5n-3 EPA 5.4 ± 1.1 (2.3–9.4) 2.9 ± 1.2 (0.6–6.3) 0.001
C22:5n-3 docosapentaenoic 2.0 ± 0.7 (0.1–9.7) 0.3 ± 0.8 (0.0–4.3) 0.001
C22:6n-3 DHA 1.6 ± 0.2 (0.0–3.9) 1.3 ± 0.3 (0.0–2.6) NS
Total PUFA n-3 9.4 ± 2.2 (6.8–15.0) 6.6 ± 3.5 (2.4–11.7) 0.001

C18:1n-9t elaidic 1.5 ± 1.1 (0.0–4.1) 0.7 ± 0.8 (0.0–2.6) 0.004
Total  trans fatty acids 1.5 ± 1.1 (0.0–4.1) 0.7 ± 0.8 (0.0–2.6) 0.004

n-3/n-6 ratio 0.4 ± 0.2 (0.2–0.7) 0.2 ± 0.1 (0.1–0.3) 0.001

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. % peak area calculated from fatty acid methyl esters.

investigating the role of pro-inflammatory cytokines in the pro-
gression and prognosis of such patients [28,29]. Our major findings
are as follows: (1) The profile of FA in erythrocyte membranes
differs significantly in MM patients compared to controls, (2) the
n-3/n-6 ratio of the RBC membrane was significantly lower and the
SFA index was significantly higher in MM patients than in controls,
and (3) there is distinct clustering of the variants of individual FA in
the erythrocyte membranes of MM patients compared to controls.

Among the potential risk factors that have been investigated, FA
are thought to alter inflammatory responses and contribute to lym-
phomagenesis. FA are essential components of cell membranes and
affect eicosanoid and cytokine production. In particular, the ratio of
n-3 and n-6 polyunsaturated fatty acids (PUFAs) may  play a key role
in influencing non-Hodgkin lymphoma risk, as these essential FA
compete in the release of anti- and pro-inflammatory eicosanoids,
respectively, and n-3 PUFAs suppress pro-inflammatory cytokine
production [30]. Previous studies have shown a positive associa-
tion of dietary SFA intake with higher NHL risk, possibly through
pro-inflammatory mediator production [31]. For other cancers and
diseases, n-3 PUFAs, found largely in fish oils, have been shown to
be protective, while n-6 PUFAs, abundant in a typical Western diet,
appear to be pro-inflammatory [32].

In our study, the n-3/n-6 ratio in erythrocyte membranes
was lower in patients with MM when compared to the control
group. n-3 PUFAs exert anti-inflammatory actions by inhibi-
ting pro-inflammatory signal transduction pathways whereas
n-6 PUFAs facilitate inflammation by serving as a precursor of
pro-inflammatory eicosanoids [33,34]. Moreover, we  observed sig-
nificantly lower EPA/n-6 PUFA and n-3/n-6 ratios in the RBC
membranes of MM patients than in the control group, which
might be associated with n-6 PUFA-related inflammatory compli-
cations. We observed low levels of n-3 PUFA in the erythrocyte
cell membranes in patients with MM compared to healthy subjects
(Table 1). This observation could be attributed to the lack of a rec-
ommendation to increase dietary n-3 FA. The cytokine network is
important in the development and survival of tumor cells as well as

progression of MM.  Cancer cells arise in every human being
throughout life; a well-functioning immune system prevents their
survival. The human diet is dependent on each individual. Perhaps
an imbalance of pro- and anti-inflammatory cytokines, caused by
changes in the relative n-3/n-6 ratio, is one of the factors that may
initiate the survival and further growth of MM cells in the human
body.

SFAs, and notably long-chain SFAs, have been associated with
inflammation. Although the mechanism is unclear, toll-like recep-
tor (TLR) 4, TLR2, the synthesis of ceramides, the formation of
lipid rafts and fetuin seem to be implicated. On  the other hand,
medium-chain SFAs have shown beneficial health effects includ-
ing suppression of body fat accumulation, leading to decreased
obesity [35]. In our study, index SFA was  significantly higher in
the RBC membranes of patients with MM than in healthy people.
Stearic acid is converted into oleic acid by the liver microsomal
desaturase system. Increased D9 desaturation and low saturation
index have been observed in colorectal and bronchogenic carci-
noma, lymphoma, leukemia and malignant liver neoplasms. Also, a
decrease in the saturation index of both erythrocytes and leuko-
cytes in patients with leukemia has been identified [16,28,36].
Pandey et al. described a concept that cancer is a systemic disease,
and that the decrease in saturation index is not type-specific but is
associated with neoplasia in general [37].

In our study, we observed distinct clustering of the variants
of individual FA in the erythrocyte membranes of MM patients
compared to controls. In healthy patients, RBC membrane clus-
ters consisting of n-3 and n-6 PUFAs were closer than in MM.  This
might indicate a normal function of enzymes that are involved in
the elongation and desaturation of PUFAs [37]. In patients with
MM,  grouping of n-3 FA was  divided into two clusters (Fig. 1a and
b). A clear interpretation of these results is difficult, but proba-
bly indicates a malfunction of enzymes such as desaturases and
elongases, and subsequent changes in the FA desaturase (FADS)
gene expression, or polymorphisms in patients with MM.  Associ-
ations between FADS1 and FADS2 haplotypes and distinct PUFA
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Fig. 1. Cluster analysis of the FA profile in RBC membranes from healthy people (control) and from myeloma multiple patients (MM).  Data were segregated into four unique
clusters of variables by hierarchical cluster analysis.

composition of erythrocyte membranes, particularly arachidonic
and dihomo-�-linolenic acid, have been observed [37]. These
results are hypothesis generating, and deserve further attention.

The FA composition of the cell membrane is influenced by
both dietary intake and metabolic pathways. Lipid peroxidation
under conditions of oxidative stress can also contribute to alter-
ations in membrane structure and function [19,38,39]. In our study,
the levels of erythrocyte EPA and docosapentaenoic acid in MM
patients were substantially lower than the levels of healthy sub-
jects (Table 1). These data suggest that there may  be reduced
endogenous synthesis of EPA from ALA in MM patients prob-
ably due to decreased functionality of desaturase and elongase

enzymes. Additionally, the levels of elaidic acid, a trans-FA, were
higher in controls than in MM patients (Table 1). Trans-FA intake
may  influence factors related to cancer risk such as systemic
inflammation, insulin resistance, and adiposity, but the association
between trans-FA intake and cancer risk has not been extensively
studied [40].

Differences in the FA profile of patients with MM compared
with healthy people, especially the n-3/n-6 ratio may  be related
to reduced supply of n-3 FA in the diet, chronic inflammation, or
the related net of lipid derivatives from n-6 FA in MM patients.
Moreover, in patients with MM,  abnormalities may  be present in
the bone marrow FA fat, which can cause inflammation and can
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result in disturbances in bone marrow stromal cells. The bone
marrow is a complex microenvironment, in which a variety of
cell types share a common space. MM cells release cytokines and
growth factors that affect the cells in their vicinity. Bone marrow fat
(BMF) is now considered to play an important role within the bone
marrow microenvironment. BMF  is not comparable to other fat
depots such as subcutaneous or visceral tissues. Recent studies on
bone marrow adipocytes have shown that besides acting as storage
cells, these cells also secrete adipokines, like leptin and adiponectin.
Moreover, bone marrow adipocytes share the same precursor with
osteoblasts, the mesenchymal stem cell. It is now well established
that high BMF  is associated with weak bone mass in osteoporosis,
especially during aging and anorexia nervosa [41,42]. n-6 FA affect
inflammatory processes mainly through activation and changes
in eicosanoid synthesis and signal transduction. Two hypotheses
may  define these molecular mechanisms. The first, suggests that
n-6 FA regulate the transcription of cell inflammatory genes by
up-regulating the activity of the nuclear factor NF�B, predicting
changes in the levels of adhesion receptors and chemokine expres-
sion. The second hypothesis proposes that AA may  compete with
the n-3 FA for cyclooxygenase enzymes (COX-1 and COX-2 [12,33]).

Hematopoiesis is a tightly regulated process that allows the
body to both maintain physiological levels of cells and respond
to pathological conditions. Stem cell migration is a common
feature of hematopoiesis. These migratory processes, especially
the egress of stem cells from bone marrow, are regulated by
various agents, including cytokines and chemotherapeutics, and
more recently also endocannabinoids derived mainly from AA.
N-arachidonoylethanolamine (AEA) and 2-arachidonoylglycerol
(2-AG) stimulate hematopoiesis and stem cell migration, respec-
tively, by synergizing with colony-stimulating factor (CSF),
interleukin-3 (IL-3) and erythropoietin through CB2 receptor. 2-AG
has also been shown to increase CFU-GEMM (colony-forming unit:
granulocyte, erythrocyte, macrophage, megakaryocyte)-induced
colony formation and cell migration in a receptor CB1- and
CB2-dependent manner, whereas AEA increases colony yield but
inhibits cell migration via CB1 and CB2 [43].

In patients with MM,  the n-3/n-6 ratio was significantly
decreased in comparison to the healthy group. Such observation
suggests that the former group does not consume sufficient n-3
unsaturated fatty acids in their diet. n-3 PUFAs could be used as so-
called “nutraceuticals” to modify the composition and organization
of membranes to selectively initiate a change in cellular func-
tion. n-3 PUFAs have been shown to attenuate growth and induce
apoptosis in a variety of human cancer cell lines. Recent findings
indicate that n-3 PUFAs act synergistically with chemotherapeu-
tic agents and may  also be used to enhance tumor radiosensitivity
[44]. Furthermore, these acids act as ligands for nuclear peroxisome
proliferator-activated receptors (PPAR) that attenuate transcrip-
tion of NF-�B dependent genes. Because of the potential benefits
of n-3 FA and their derivatives, additional studies should study the
addition of these products to the diets of cancer patients. Recently,
several studies have demonstrated that PPAR is also expressed in
human MM cells and PPAR� ligands play a role in the apoptosis
of MM cells. The ligands of PPAR� may  represent novel agents for
treatment of human MM [45,46].

Modifications of erythrocyte membrane FA composition are an
early indicator of lipid disorders, and manifest themselves earlier
than changes in plasma lipoproteins. Our study underscores the
important role of FA may  have in the process of carcinogenesis.
Deficiency of endogenous n-3 PUFAs may  lead to changes in the
physicochemical properties of cell membranes, activation of the
synthesis of pro-inflammatory and vasoconstrictive eicosanoids,
and finally induction of a pro-inflammatory condition, which may
be important in the development and progression of neoplas-
tic diseases [45]. The ability to control, and possibly modify, an

individual’s FA profile could prove to be useful as MM prophylaxis,
for example. One important element of such prevention could be a
diet rich in n-3 fatty acids.

Further research is needed, especially comparing lipid changes
with relation to the duration and progression of myeloma. The FA
content of erythrocyte membranes in MM patients could give us
a better understanding of the lipid biochemistry and molecular
mechanism of MM.  This information has potential implications as
a diagnostic tool, as well as for elucidating the biochemical path-
ways involved in response to chemotherapy. The future pipeline
for MM agents is very promising. Perhaps the development of new
treatments in combination with an appropriate diet rich in n-3 FA,
acting as lipid mediators or ligands for transcription factors PPARs
and NF�B could translate into response and survival benefits in
patients with MM.
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