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ABSTRACT

New membrane formation in the proliferating tumor cells consequently results in hypermetabolism of
fatty acids (FA), as seen in many cancer patients, including multiple myeloma (MM). The FA composition
of plasma reflects both endogenous synthesis as well as the dietary supply of these compounds. Addi-
tionally, obesity is a risk factor for the development of MM. The aim of this study was to compare the FA
composition of plasma in 60 MM patients and 60 healthy controls. We noted significant differences in
the FA profile of plasma from patients with MM when compared to the control group. Increased levels
of saturated and n-6 polyunsaturated fatty acids in MM patients suggest that there may be increased
endogenous synthesis of these fatty acids, likely due to increased expression of desaturase and elongase.
Furthermore, cluster analysis showed differences in the distribution of FA in plasma from MM patients
compared to controls. Dietary fat and a deranged endogenous FA metabolism may contribute to cancer-
associated inflammation through an abnormal arachidonic acid metabolism, caused by pro-inflammatory

derivatives. Our study supports further research on the biochemistry of lipids in patients with MM.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Malignant transformation requires changes to glucose and lipid
metabolic pathways, among others. Lipogenesis is a result of the
activity of fatty acid synthase (FAS), and increased FAS expression
is observed in the cells of a variety of malignancies [1]. It appears
that de novo fatty acid (FA) synthesis plays an important role in
this process. Preventing FAS activity by inhibiting its formation is a

Abbreviations: FA, fatty acids; MM, multiple myeloma; SFA (SAT), saturated
fatty acids; UNSAT, unsaturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; EPA, eicosapentaenoic fatty acid; DHA, docosa-
hexaenoic fatty acid; AA, arachidonic acid; LA, linoleic acid; ALA, a-linolenic acid;
D5D, A5-desaturase; D6D, A6-desaturase.

* Corresponding author at: Department of Hematology, University Hospital, ul
Kopernika 17, 31-501 Krakéw, Poland. Tel.: +48 124247600.
E-mail address: mmjurczy@cyf-kr.edu.pl (A. Jurczyszyn).
1 These authors contributed equally to this work.
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potential mechanism against cancer, as previously described [2-5].
It is evident that during the course of several neoplastic processes
there are disturbances of lipid metabolism. Lysophosphatidic Acid
(LPA) and Phosphatidic Acid (PA) are phospholipids involved in sig-
nal transduction and lipid biosynthesis. Isoform-specific functional
LPA inhibitors induce apoptosisin MM cells by damaging poly-ADP-
ribose (PARP), even in the presence of IL-6, IGF-1 and stromal cells
[6].

Certain lipid compounds are not endogenously produced and
must be ingested. Hence, it isimportant to understand the potential
influence that anindividual’s diet has on the development of cancer.
Current evidence supports an association between of obesity in MM
[7].In a large case—control study, Fritschi et al. [8] found protective
effects of fresh fish consumption on the development of myeloma.
Eicosapentanoic acid (EPA) and docosahexaenoic acid (DHA) are
provided primarily by a diet rich in fish, and it is believed to effec-
tively inhibit arachidonic acid (AA) transformation. Eicosanoids,
formed from AA, take part in many carcinogenetic processes and
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are important in both the development and progression of cancer.
It is postulated that an appropriate relationship between n-3 and
n-6 FA might be a protective factor against neoplastic development
[9].

The implications of circulating essential FA on the inflammatory
risk profile and clinical outcome of MM are not well understood.
FA, particularly n-3 and n-6 polyunsaturated FAs (PUFAs), mediate
a number of biologic processes including eicosanoid production,
cell membrane physiology, cellular signaling, inflammation, gene
regulation, and gene expression [9-12]. Therefore, accurate mea-
surement of plasma FA might have important physiological and
clinical implications. A better understanding of the distribution
of FA in the plasma of patients could provide important insights
into lipid metabolism as well as guide future biomarker selection
[13-16]. The aim of our study was to compare the FA composition
in the plasma of MM patients to those of healthy controls.

2. Materials and methods
2.1. Reagents

Butylated hydroxytoluene (BHT), 14% BF; and FAME standards were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Analytical grade chloroform, methanol
and n-hexane were obtained from Merck (Darmstadt, Germany). Water (18.2 M2,
TOC <5 ppm) was ultrapurified and filtered through a Milli-Q Plus system filter (Mil-
lipore, Bedford, MA, USA). Gases for chromatography of a 5.5 purity level were
purchased from AirLiquide (Poland).

2.2. Patients

The patients were cared for at the Department of Hematology University Hos-
pital in Krakow. Diagnosis of MM was based on current WHO criteria; patients with
MM had greater than 10% plasma cells in the bone marrow (BM) aspirate and the sig-
nificance presence of monoclonal protein in the serum or urine [17]. Patients were
treated according to the guidelines of the Polish Myeloma Group [18]. Exclusion
criteria included the presence of acute or chronic inflammatory.

2.3. Sample collection

Venous blood samples were collected in K,-EDTA-containing tubes. Erythro-
cytes were separated from plasma by centrifugation (1500 x g, for 10 min). 10 w1 of
0.05% BHT was added to each plasma sample. The study was conducted in accor-
dance with the Declaration of Helsinki (1975) and approved by the Local Ethics
Committee.

2.4. Lipid analysis

Total lipid from plasma was analyzed as described earlier [19]. Results were
expressed in relative percentage of total FA. We calculated total saturated FA (SFA),
monounsaturated FA (MUFA), n-6 and n-3 polyunsaturated FA (PUFA n-6, PUFA n-
3) as well as trans-FA. Additionally, we calculated the n-3/n-6 ratio as well as the
content of desaturases. D5 Desaturase was calculated as the ratio of 20:4n-6/20:3n-
6, D6 Desaturase was calculated as the ratio of 20:3n-6/18:2n-6, D9 SCD1 Desaturase
was calculated as the ratio of 16:1/16:0, and D9 SCD2 Desaturase was calculated as
the ratio of 18:1n-9¢/18:0.

Table 1

Clinical data of MM patients. Means + SD are presented. Females: n=29, males: n=31.

2.5. Statistics

All data are presented as means + standard deviation (SD). Differences between
study groups were determined using the F-test, or the Mann-Whitney U-test if nor-
mality was not observed. Analysis of similarities between content of the FAin plasma
of healthy people 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 <0.01.

3. Results

Our study included 120 patients. The control group was com-
posed of 34 men and 26 women, and the MM group of 31 men and
29 women. The average time from MM diagnosis was 2.5 years.
IgG kappa was identified in 52% of patients, IgG lambda in 15%, IgA
kappa and IgA lambda in 7% each, 17% were light chain only, and
3% non-secretory. At the time of this report, four patients (7%) have
died. Clinical characteristics of the MM patients are presented in
Table 1. Healthy controls had no metabolic diseases, and had mean
age of 57 years. Both group had normal weight (body mass index
[BMI] 18.5-25kg/m?2), and typical Western diet. Plasma FA com-
position in patients with MM and controls are shown in Table 2.
The plasma SFA index (35.3% and 32.5%), and MUFA index (27.6%
and 24.1%, p=0.001) were both respectively higher in MM patients
compared to the control group. Total plasma n-6 acids were sig-
nificantly higher in the MM group compared to the control group
(28.0% and 25.1%, respectively, p=0.004).

Total n-3 FA were statistically significantly decreased in the
plasma of patients with MM as compared to the control group (7.7%
and 14.5%, respectively, p=0.001). In the MM group, we observed
decreased linolenic acid (1.7%), EPA (2.1%), and docosapentaenoic
acid (0.3%) levels when compared to the control group (C18:3n-3
6.0%, EPA 3.8%, C22:5n-3 1.4%, p=0.001).

We identified three trans-FA in the plasma of patients with MM
and in the control group (3.8% and 1.4% respectively). The plasma
n3/n6 ratio was statistically significantly decreased (two-fold) in
patients with MM (ratio 0.3) compared to the control group (ratio
0.6). In addition, plasma activity of D6 desaturase and D9 SCD1
was decreased in the plasma of MM patients. However, the activity
of plasma D5 and D9SCD2 desaturase was similar in both groups
(Table 2).

To determine the covariant behavior of the measured variables,
we analyzed variables to identify which best discriminate the FA
profile in plasma from healthy people and patients with MM (Fig. 1).
Variables were separated into four unique clusters. In the plasma of
the cluster 1 control group, 22:5n-3, 20:3n-3, DHA as well as 14:0,
14:1,15:0,15:1,17:0,17:1 and 20:1 FA were present. In cluster 2 we
observed grouping of n-6 FA, 22:0, 22:1, 22:2 and trans FA variants.
In cluster 3, the follow FA variants grouped together: 16:1, n-3 FA
18:3 and EPA as well as 18:2n-6 and 20:2n-6. Cluster 4 included FA

Sex BMI [kg/m? + SD] Hb [g/dl +SD] Calcium MP [g/1+SD] Plasmocytes ISS stage Immunoglobulin
[mmol/l £SD] [%+SD]
F 22+3 11+1 240 33+3 33+10 I-10 IgG kappa - 16
1M-10 IgG lambda - 3
m-9 IgA lambda - 1
LCD-5
Non-secretory — 2
M 24+ 2 11+1 2+0 34+9 42 + 10 -7 IgG kappa - 15
n-7 IgG lambda - 6
I -17 IgA kappa - 4
IgA lambda - 1
LCD-5

F, females; M, males; BMI, body mass index; MP, monoclonal protein; SD, standard deviations.
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Table 2

Plasma fatty acid profile as a % of peak area in control (n=60) and patients with MM (n =60). Means + SD.
Fatty acids Control MM p
C14:0 myristic 2.0 + 1.0 (0.4-5.1) 1.9 + 1.1 (0.8-2.8)
C15:0 pentadecanoic 2.0 £0.8(0.1-2.3) 0.5 + 0.5(0.3-0.6) 0.001
C16:0 palmitic 15.6 +£3.4(11.9-18.8) 22.6 + 3.1(19.0-27.0) 0.001

C17:0 heptadecanoic
C18:0 stearic
C20:0 behenic

Total SFA

C14:1n-5 myristoleic

C15:1 cis-10-pentadecanoic
C16:1c palmitoleic

C17:1 cis-10 heptadecanoic
C18:1n-9c oleic

C18:1n-7

C20:1n-9 cis11eicosaenoic
C22:1n-9 erucic

C24:1 nervonic

Total MUFA

C18:2n-6 linoleic

C18:3n-6 y-linolenic

C20:2n-6 cis 11,14eicosadienoic
C20:3n-6 dihomo-+y-linolenic
C20:4n-6 arachidonic

(C22:2n-6 cis-13,16-docosadienoic
C22:4n-6 adrenic

Total PUFA n-6

C18:3n-3 linolenic

C20:3n-3 cis11,14,17 eicosatrienoic
C20:5n-3 EPA

(C22:5n-3 docosapentaenoic
C22:6n-3 DHA

Total PUFA n-3

1.9 + 1.3(0.2-6.1)
9.9 + 2.5 (3.8-9.5)
1.0 + 0.4 (0.0-1.0)

32.5 + 4.4 (23.7-34.9)

2.5 + 1.0 (0.4-9.0)
1.7 + 0.9 (0.0-4.7)
4.0 + 1.6(0.8-14.4)
1.7 + 1.5(0.2-5.3)

10.6 + 2.4 (4.8-12.6)
1.0 + 0.8 (0.0-3.1)
1.7 + 1.3 (0.0-5.1)
0.9 + 0.2 (0.0-3.6)
0.1 + 0.1 (0.0-0.2)

241 + 5.4 (12.4-37.3)

5.2 +2.0(1.1-10.0)
0.9 + 0.8 (0.0-3.4)
2.3 +2.2(1.0-6.4)
2.3 + 1.7(1.7-6.0)

12.2 £ 2.1 (9.9-21.6)
1.2 + 0.7 (0.2-1.9)
1.0 + 0.4 (0.6-2.5)

25.1 +8.0(13.6-45.8)

6.0 + 1.8 (4.0-19.5)
14 + 1.3(02-2.7)
3.8 + 1.7 (2.5-9.9)
1.4 + 1.0(0.7-3.8)
1.9 + 1.2(0.2-7.8)

14,5 + 5.7 (4.7-33.2)

C16:1n-9t palmitelaidic
C18:1n-9t elaidic
C18:2n-6t linolelaidic

0.5 + 0.6 (0.0-1.2)
1.7 + 1.4 (0.0-2.1)
1.5 + 1.5 (0.0-1.7)

Total trans 3.8 +£4.1(0.0-5.1)

n-3/n-6 0.6 + 0.3 (0.4-1.5)
D5 Desaturase 5.9 + 1.9 (1.7-9.9)
D6 Desaturase 0.6 +£ 0.2 (0.1-2.0)
D9 SCD1 Desaturase 0.3 £0.2(0.2-1.0)
D9 SCD2 Desaturase 1.1 £ 0.3(0.4-1.6)

1.1 + 0.5 (0.5-2.2)
9.2 + 2.0 (6.2-13.6)
0.1 + 0.1(0.0-0.3) 0.001

35.3 + 4.0 (29.5-43.5)
3.8 + 1.3(1.7-6.0)

5.6 + 3.8 (1.6-15.1) 0.001
2.1 £ 1.0 (0.9-3.6) 0.001
0.7 + 0.4 (0.2-1.2) 0.001

10.1 + 1.7 (7.4-12.6)
0.7 £ 0.2 (0.4-1.1)

3.1 £ 1.3 (1.0-4.7) 0.001
1.4 + 0.9 (0.0-3.4) 0.001
1.0 + 0.5 (0.0-1.6) 0.001

27.6 + 3.5 (21.5-35.1) 0.001
8.1 + 2.8 (6.3-11.8) 0.004
54 +1.1(1.7-10.2) 0.001
2.4 + 1.5 (0.5-5.8)

1.2 + 0.8 (0.1-2.6) 0.001
9.9 £ 2.5(9.0-11.8)

0.1 £ 0.1 (0.0-0.2) 0.001
0.9 + 0.5 (0.6-1.4)

28.0 + 6.0 (16.0-33.3) 0.004
1.7 + 0.7 (0.0-2.8) 0.001
1.8 + 0.6 (0.0-3.1)

2.1 £ 0.8 (0.8-3.4) 0.001
0.3 + 0.2 (0.0-0.6) 0.001
1.8 +1.2(1.2-5.1)

7.7 £2.9(5.0-12.5) 0.001
0.4 + 0.4 (0.5-2.4)

0.3 £ 0.4(0.0-1.3) 0.001
0.7 £ 0.2 (0.4-1.1) 0.01
14 + 1.0 (0.5-2.8) 0.001
0.3 £ 0.1 (0.2-0.7) 0.001

7.7 £ 1.8 (2.5-13.2)
0.1 +0.1(0.1-0.7) 0.001
0.1 £ 0.0 (0.1-0.2) 0.001
1.1 + 0.3 (0.8-1.7)

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.% peak area calculated from fatty acid methyl esters. Different letters denotes
statistical significant differences of fatty acid between groups. D5Desaturase was calculated as 20:4n-6/20:3n-6 ratio, D6 Desaturase was calculated as 20:3n-6/18:2n-6 ratio,
D9 SCD1 Desaturase was calculated as 16:1/16:0 ratio, and D9 SCD2 Desaturase was calculated as 18:1n-9¢/18:0 ratio.

variants 18:1, 18:0, 20:4n-6, and 16:0 (Fig. 1, top). The distribution
of variants was different in the plasma of MM patients when com-
pared with the control group. In cluster 1, 20:3n-3 and EPA, 14:0,
16:1 cis and trans dominated. The cluster 2 grouping included DHA,
18:3n-3, 14:1, 20:1 and 20:2n-6. Cluster 3 grouped primarily n-6
FA (18:2n-6, 20:3n-6 and 22:4n-6) as well as15:0, 17:0, 17:1 and
24:0. n-6 FAs were present in the cluster 4 (18:3n-6, 20:4n-6, and
18:2n-6), as well as 15:1, 16:0, 18:1, and 18:0 (Fig. 1, bottom).

4. Discussion

In an earlier study, we showed differences in FA content of the
erythrocyte membranes in MM patients compared to healthy sub-
jects [19]. In the present study, we showed that plasma FA profile
also differs significantly between MM patients and controls. The
SFA index, the plasma concentration of trans-FA, D6 desaturase
activity were higher, while the n-3/n-6 ratio and D5 desaturase
activity were lower in MM patients compared to controls. Addi-
tionally, there is distinct clustering of the variants of individual FA
in plasma between MM patients compared to controls.

Both dietary intake and metabolic pathways influence the FA
composition of the plasma [20-24]. Arachidonic acid originates
from both diet and the elongation-desaturation process of its pre-
cursor, linoleic acid (LA 18:2n-6). The D5 and D6 desaturases are
key enzymes of this pathway and are also involved in the n-3 fatty
acid pathway, which favors the conversion of a-linolenic acid (ALA)
into eicosapentaenoic acid (EPA). D5D and D6D are encoded by
FADS1 and FADS2 genes, respectively. The use of a product to pre-
cursor ratio (AA/LA or EPA/ALA) as a surrogate measure to estimate
desaturase activity is well established. Thus, indirect information
can be gathered from the analysis of plasma lipid composition that
provides a simple, suitable model for studying FA metabolism [25].

Inflammation in the tumor microenvironment has been recog-
nized as one of the hallmarks of cancer. Endogenously produced
lipid autacoids, locally acting small molecule lipid mediators, play
a central role in inflammation and tissue homeostasis, and have
recently been implicated in cancer. These lipid mediators are col-
lectively referred to as eicosanoids and are generated by distinct
enzymatic systems initiated by cyclooxygenases, lipoxygenases
and cytochrome P450 [12,26-29].
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Fig.1. Clusteranalysis of the FA profile in plasma from healthy people (top) and from
multiple myeloma patients (bottom). Data were segregated into 4 unique clusters
of variables by hierarchical cluster analysis.

Several reports have indicated that MM pathophysiology is sup-
ported by a strong interaction between the clonal plasma cells
and the surrounding bone marrow microenvironment. There is an
increasing interest in the function of marrow fat including its capa-
bilities to modulate marrow microenvironment to support bone
remodeling and contribute to insulin-dependent FA metabolism
[30]. Marrow fat may participate in lipid metabolism by clearing
and storing circulating triglycerides, thereby providing a localized
energy reservoir for osteogenesis [31]. It has been argued that the
abnormal direction of differentiation of bone marrow cells such
as osteoblast and adipocyte will have distinct impact on the pro-
cess of bone formation. As a whole, adipocytic transdifferentiation
is driven by an intricate and well-orchestrated signaling cascade.
It involves regulated changes in the expression and/or activity of
several key transcription factors, most notably PPARy and sev-
eral members of the CCAAT/enhancer-binding family of proteins
(C/EBPs) [32]. Fish oil is a natural agonist for PPARy and thus
may exert its actions through this pathway. Long-term fish oil diet
rich in omega-3 FAs could have a favorable impact on fat mass,
skeletal integrity and bone loss with age, i.e. bone mass and tra-
becular bone microarchitecture in vertebrae [33]. Understanding
what mechanisms and how pathways mediating the transdifferen-
tiation between osteoblasts and adipocytes in vivo are modulated
should be of relevance to the development of therapeutic control
of bone loss in osteoporosis or high bone resorption seen in MM
patients.

The n-3/n-6 ratio in plasma was lower in patients with MM
compared to the control group, but showed higher level of D5
desaturase. However, activity of D6 desaturase and D9 SCD1 was
significantly lower in patients with MM. The activity of the desat-
urases is regulated by PUFAs and can be affected by diabetes as well
as cancer. Interestingly, a potential association between diabetes
and hematologic malignancies has been proposed [34]. n-3 PUFAs
exert anti-inflammatory actions by inhibiting pro-inflammatory
signal transduction pathways, whereas AA (n-6 PUFA) facilitate
inflammation. AA mediates inflammatory signals and serves as a
precursor of pro-inflammatory eicosanoids. Moreover, in our study
we observed significantly lower EPA/AA and n-3/n-6 ratio in the
plasma of MM patients than in controls. These lower ratios in MM
patients are probably associated with AA-related inflammatory
effects [19,28,35,36].

Perhaps an imbalance of pro- and anti-inflammatory cytokines,
caused by changes in the relative n-3/n-6 PUFA ratio, is one of the
factors that might promote survival and growth of cancer cells.
In particular, the n-3/n-6 PUFA ratio may play a role in influenc-
ing 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. Previous
studies have also shown a positive association of dietary saturated
fatty acid (SFA) intake with higher lymphoma risk. 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 [11,36,37].

In our study, we observed distinct clustering of the individual FA
variants in the plasma from MM patients compared to controls, par-
ticularly pronounced for long-chain FAs. This may indicate changes
in gene expression of the elongases and desaturases during the
development of the MM disease. These results are consistent with
our previous work [19] and suggested significant roles of desat-
urases and elongases in the pathogenesis of cancer. The SFA index
was significantly higher in the plasma of patients with MM than in
controls. Stearicacid is an SFA that is converted into oleic acid by the
liver microsomal desaturase system. Increased D9 desaturation and
low saturation index have been observed in colorectal carcinoma,
bronchogenic carcinoma, lymphoma, leukemia and malignant liver
neoplasms. A prognostic significance in colorectal carcinoma has
been suggested [38,39].

Alterations in the fatty acid profiles of plasma lipids are quite
common in cancer and have been shown in a variety of neoplastic
processes. All saturated, monounsaturated, and essential FA as well
as their polyunsaturated derivatives are decreased, apparently as
a consequence of the disease itself [26,40]. The major metabolic
differences detected in MM patients at the time of diagnosis include
increased levels of aminoacids such as isoleucine, phenylalanine,
arginine, and tyrosine, as well as acetate. Decreased levels of 3-
hydroxybutyrate, cholesterol, lysine, lipids, choline, and glutamine
were also observed [40].

Anunbalanced diet, particularly one high in fat, could contribute
to homeostatic dysregulation of metabolic pathways, leading to
diet-related health problems as obesity, diabetes, dyslipidemia,
cardiovascular disease, inflammation, and also can be one of the
factor important in cancer developing. Previous observations have
shown that animal fat intake, not protein intake, as an influen-
tial factor for the development of lymphoma and other cancers
[41-44]. On the other hand, Fernandez et al. [45] suggested that
consumption of fresh fish significantly reduced the risk of MM,
possibly because long chain polyunsaturated n-3 fatty acids inhibit
the use of arachidonic acid, an n-6 fatty acid, for the production
of prostaglandins and leukotrienes. A ratio of n-3/n-6 fatty acid
intake >0.5 may be important in reducing cancer risk. Our study
can provide insights on the dietary habits of the investigated
groups. As an example, there was a significant difference in the
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plasma n-3/n-6 PUFA ratio between the control group and the
MM group. Subjects in the control group had a higher ratio than
MM patients, indicating that the latter group consumed less n-3
unsaturated FAs in their diet.

FAs play an important biological and immunological role besides
their energetic and storage functions. PUFAs are an important part
of one’s diet, as they are not synthesized by the organism. Thus,
diet in combination with other elements such as an immunological
disorder, may play a role in human illness. The potential influence
of lipids on neoplastic development may be due to one of three
mechanisms. These mechanisms include a potential influence on
the metabolism of neoplastic cells, the function of lipids as intercel-
lular messengers, or as mediators that take part in the inflammatory
reaction. Studies evaluating the role of diet on cancer risk have been
conducted, but with inconclusive results. Some reports have shown
a beneficial role of fish-rich diet on neoplastic development [45].
Other have shown lack of effect [46], and others even an increase
in the risk of developing cancer [47]. EPA and DHA are provided
primarily by a diet rich in fish, and it is believed that they effec-
tively inhibit AA transformation. Eicosanoids, formed from AA, take
part in many carcinogenetic processes and are important in both
the development and progression of cancer. It is postulated that an
appropriate relationship between n-3 and n-6 FA may be a protec-
tive factor against neoplastic development [41].

The cytokine network is important in the development and sur-
vival of tumor cells as well as the progression of MM [19,48]. It is
still unclear whether the neoplastic process is initiated by disrup-
tion of the network, or if it is the result of ongoing carcinogenesis.
Cancer cells arise in every human being throughout life; a well-
functioning immune system prevents their survival. The human
diet is wholly dependent on each individual. Perhaps an imbal-
ance of pro- and anti-inflammatory cytokines, caused by changes
in the relative n-3/n-6 ratio, is one of the factors that may initi-
ate the survival and further growth of cancer cells in the human
body.

Among the potential risk factors that have been investigated,
dietary FAs are thought to alter inflammatory responses and con-
tribute to lymphomagenesis. Animal fats have been implicated as
one dietary factor related to MM. A similar observation in men,
regarding high consumption of milk, was made in patients with
non-Hodgkin lymphoma [36,41]. The authors postulated that ani-
mal fat intake, not protein intake, is the influential factor in this case
[10]. Correlation between animal fat and malignant disorders may
be influenced by hormonal changes caused by the previously men-
tioned food products. However, Fernandez et al. [41] suggested that
consumption of more than 2 servings of fish significantly reduced
the risk of MM. According to recent studies, fresh fish and shellfish
should be an important part of an MM patient’s diet, as sources of
n-3 unsaturated fatty acids and vitamin D. Brassicaceae vegetables,
such as broccoli, cauliflower, cabbage and Brussels sprouts, are a
source of antioxidants, sulfur compounds and vitamin C, and have
protective effects against MM. A population-based case—control
study pointed out that tomatoes and lettuce may also reduce the
risk of MM [42,43,46]. However, nutrition recommendations based
on retrospective diet recollection should be interpreted with cau-
tion. Quantitative prospective analysis of daily food portions would
be a more accurate research method. Further study in this area
is required, but we believe the data presented above should be
carefully discussed with patients.

Our study provides additional insights on the potential role of
FA metabolism in the development and growth of MM in humans,
and suggests that exogenous and endogenous FA could affect not
only the tumor microenvironment but also the immune response
to cancer. Certainly, dietary habits not only could help prevent
or delay the progression of cancer, and serve as an adjuvant for
cancer treatment, but the serum fatty acid profile could also serve

as predictive and/or prognostic biomarker. Additional research is
needed in this regard.
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