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Abstract Immune cell membrane lipids are important

determinants of membrane fluidity, eicosanoid production

and phagocytosis and fatty acid metabolic abnormalities

have been reported in immune cells from patients with

multiple sclerosis. The aim of this study was to investigate

the relationship between peripheral blood mononuclear cell

membrane fluidity, permeability status, and disease out-

come as measured by the Kurtzke expanded disability

status scale. Phospholipids, fatty acids and cholesterol

composition in peripheral blood mononuclear cells from 26

patients diagnosed with multiple sclerosis and 25 healthy

control subjects were determined by colorimetric assay, gas

chromatography and enzymatic assays, respectively.

Membrane fluidity was calculated according to previously

established formulae and correlated with C-reactive protein

and the Kurtzke expanded disability status scale. There

were no significant differences in membrane lipids in

peripheral blood mononuclear cells from patients and

controls. However, correlation studies showed lipid meta-

bolic abnormalities, which were reflected in significant

correlations between membrane fluidity as measured by

both its fatty acid and phospholipid compositions, and the

functional system scores. C-reactive protein showed posi-

tive correlations with phosphatidylcholine, phosphatidyl-

serine, phosphatidylinositol and total phospholipids in

membranes from control subjects. Metabolic abnormalities,

as well as correlations between membrane fluidity and the

functional system scores, suggested the involvement of

these immune cell membranes in the disease progression.

Furthermore, the changed relationship between membrane

phospholipids and C-reactive protein, which has been

shown to correlate with infectious episodes and clinical

relapse, could be an indication of immune cell dysfunction

in patients with multiple sclerosis.
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Abbreviations

CRP C-reactive protein

EDSS Kurtzke expanded disability status scale

MS Multiple sclerosis

PBMC Peripheral blood mononuclear cells

PC Phosphatidylcholine

PE Phosphatidylethanolamine

PS Phosphatidylserine

PI Phosphatidylinositol

PUFA Polyunsaturated fatty acids

SATS Saturated fatty acid

SM Sphingomyelin
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Introduction

The presence of peripheral blood mononuclear cells

(PBMC) in brain tissue from patients with multiple

sclerosis (MS) is well documented [1, 2]. Furthermore,

polyunsaturated fatty acid (PUFA) metabolic abnormali-

ties have been reported in these immune cells [3, 4].

PUFAs are precursors for inflammatory mediators of

inflammation, the eicosanoids, but they are also structural

fatty acids, and as such they supply structural integrity

and various biological functions [2, 5]. Changes in the

fatty acid composition may affect the function of mem-

brane phospholipid molecules [2, 6]. Mammalian cell

membranes consist of a double layer of phospholipids,

into which fatty acids are incorporated, interspersed with

cholesterol. Cells maintain a specific trans-membrane

phospholipid distribution [7], with phosphatidylcholine

(PC) and sphingomyelin (SM) contained on the outer

leaflet of plasma membranes, and phosphatidylethanol-

amine (PE), phosphatidylserine (PS) and phosphatidylin-

ositol (PI) on the inner leaflet [5, 8]. Loss of membrane

phospholipid asymmetry is associated with many physi-

ological and pathological phenomena [7] and changes in

the membrane phospholipid composition can affect

phagocytosis, T-lymphocyte signalling and antigen pre-

sentation [9]. Phagocytosis is an important mechanism in

many cells for the elimination of micro-organisms or

foreign particles, and membrane fluidity plays an impor-

tant role in this process [10].

Polyunsaturated fatty acid metabolic alterations previ-

ously reported in the PBMC membranes from patients

with MS [3, 4] together with other lipid abnormalities

may have an effect on membrane fluidity [2, 6]. The aims

of this study therefore was to investigate the relationship

between PBMC membrane fluidity and permeability sta-

tus, and disease outcome as measured by the Kurtzke

expanded disability status scale (EDSS) [14] as well as

the inflammatory process as measured by C-reactive

protein (CRP).

Experimental Methods

Ethics Approval

Ethics approval for the study was obtained from the Health

Sciences Research Ethics Committee (HSREC) of the Cape

Peninsula University of Technology (CPUT). Patients with

MS were contacted and recruited through the MS Society,

Western Cape Branch, South Africa. Patients and control

subjects gave informed written consent prior to their

inclusion in the study.

Study Population

The study population consisted of 26 female Caucasians

patients and 25 age- and gender matched female control

subjects. All the patients were diagnosed by a neurologist

based on clinical, laboratory and magnetic resonance

imaging (MRI) findings. Patients on any fatty acid sup-

plements, interferon or corticosteroid treatment or patients

with a second disease were excluded from the study. The

median (quartile range) for years since diagnoses was 9

(11) years and the median (quartile range) for the EDSS

were 5.3 (3.0). Four of the patients were actively diseased,

11 had a relapse 5–12 months previously and 11 did not

show any relapses for more than a year. Nine patients were

using non-steroidal anti-inflammatory drugs (NSAIDs) and

five patients were using immunosuppressive medication,

while 12 patients used neither of these two types of

medications.

Measurement of the Disability Status of Patients

The functional disability status of each patient was mea-

sured by a trained clinician using the Kurtzke expanded

disability status scale (EDSS) [14]. The EDSS quantifies

disability in eight functional systems (FS) and allows

neurologists to assign a functional system score (FSS) in

each of these. The disability scale for the EDSS are from 0

to 10, in which the 0 score indicates no disability at all and

10 indicates death due to MS. The FSS are from 0 to 5 or

from 0 to 6. The EDSS and FSS at their highest (that is

worse outcome) indicate the following: The EDSS: death

due to MS; The pyramidal FSS: quadriplegia; The cere-

bellar FSS: the inability to perform coordinated movements

due to ataxia; The brainstem FSS: inability to speak or

swallow; The sensory FSS: essential loss of sensation

below the head; The bowel and bladder FSS: loss of bowel

and bladder function; The visual FSS: grade 5 plus maxi-

mal visual acuity of better eye of 20/60 or less; The cere-

bral FSS: dementia [14].

Blood Sample Processing and Analysis

Venous blood from consenting participants was collected

into anti-coagulant EDTA tubes (Beckman Coulter, South

Africa), and separated using histopaque-1077 separation

medium as per manufacturer’s instructions (Sigma-

Aldrich, South Africa). The PBMCs were washed in 0.85%

saline solution and stored at -80�C. Membrane phospho-

lipids PC, PE, PS, PI and SM were determined using a

colorimetric assay as previously described [15, 16] and

quantified in lg Pi/mg protein. The membrane PC, PE, PS,

PI and SM fatty acid compositions were measured by gas

chromatography as previously described [17, 18] and
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quantified in lg/mg protein. Membrane cholesterol was

determined according to an enzymatic assay [19] and

quantified in lg/mg protein. A bicinchoninic acid protein

determination assay was used to determine the protein

content [20]. Plasma CRP was determined using a Beck-

man nephelometer auto-analyser using reagents from

Beckman, South Africa and was quantified in lg/ml

plasma.

Relationship Between Measured Lipids

Membrane fluidity was calculated as follows: membrane

fatty acid saturation, as measured by the total saturated

fatty acid (SATS) to total polyunsaturated fatty acid

(PUFA) ratio [11–13]; membrane phospholipid asymmetry,

as measured by the membrane saturated nature (phospho-

lipid PC ? SM/PE ? PS ratio) [13]; the ordered-crystal-

line-phase to liquid-crystalline-phase lipids present, as

measured by the phospholipid PE to PC ratio [11, 12] as

well as the cholesterol to total phospholipid ratio [13].

Cholesterol was used as indications of both membrane

fluidity and permeability [21, 22].

Statistical Analysis

A statistics programme, STATISTICA (STATISTICA 7,

StatSoft Inc 1984–2004) was used to perform all statistical

analyses. Descriptive data are presented as median (quartile

range). For asymmetrical data Mann–Whitney U was used to

compare distributions between the cases and control sub-

jects. Correlations were calculated using Spearman’s Rank

correlation coefficient. In view of the small sample size,

P values were corrected for multiple testing by Bonferroni.

For correlations between the EDSS and total SATS to total

PUFA ratios, phospholipids, as well as phospholipid to total

phospholipid ratios: P value\0.004, between the EDSS and

saturated nature (phospholipid PC ? SM/PE ? PS ratio),

the ordered-to liquid-crystalline-phase lipids (phospholipid

PE to PC ratio): P value \0.01, for correlations between

lipids: P value\0.01, between the CRP and total SATS to

total PUFA ratios, phospholipids, phospholipid ratios:

P value\0.01 were considered as statistically significant.

Results

There were no significant differences between patients and

controls in PBMC membrane total SATS, total PUFAs or the

total SATS to total PUFA ratios. The membrane PC

phospholipid to total phospholipid ratio was non-significantly

lower and SM phospholipid to total phospholipid ratio non-

significantly higher in patients with MS. The saturated nature

(phospholipid PC ? SM/PE ? PS ratio) and the ordered- to

liquid-crystalline-phase lipids (phospholipid PE to PC ratio)

showed no difference between patients and controls.

Metabolic Relationship Between the Different Lipids

Classes in Peripheral Blood Mononuclear Cell

Membranes from Patients with Multiple Sclerosis

and Control Subjects

In general, membrane total SATS showed highly signifi-

cant positive correlations with membrane PUFAs in both

study groups; the exception being PE SATS and PE PUFAs

which did not show a significant correlation in the mem-

branes from patients with MS (Fig. 1). After correction for

multiple testing by Bonferroni, membrane phospholipids

showed highly significant positive correlations with total

phospholipids in both study groups (R = 0.84 (MS), 0.85

PE polyunsaturated fatty acids in peripheral blood
mononuclear cell membranes from control subjects
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Fig. 1 a Significant positive correlation between PE saturated and

polyunsaturated fatty acids in peripheral blood mononuclear cell

membranes from control subjects: R = 0.76; P = 0.00001*. b Non-

significant correlation between PE saturated and polyunsaturated fatty

acids in peripheral blood mononuclear cell membranes from patients

with multiple sclerosis: R = 0.33; P = 0.10
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(controls), P B 0.000001* after correction for multiple

testing by Bonferroni). PS phospholipids showed a positive

correlation with PS SATS in the control group (R = 0.53,

P = 0.01), but not in the patient group (R = 0.16,

P = 0.42). Cholesterol showed positive correlations with

PC and PI SATS, PC, and PE and PUFAs in both study

groups (P B 0.01).

Correlations Between the Peripheral Blood

Mononuclear Cell Membrane Lipids from Patients

with Multiple Sclerosis and the Kurtzke Expanded

Disability Status Scale

PBMC membrane total PUFAs from patients with

MS showed an inverse correlation with the sensory

FSS (R = -0.52; P = 0.007). The PC SATS to PUFA ratio

showed an inverse correlation with the cerebral FSS

(Fig. 2a: R = -0.51; P = 0.01), while the PS and PI SATS

to PUFA ratios showed positive correlations with the sen-

sory FSS (Fig. 2b: R = 0.40; P = 0.04 and R = 0.45;

P = 0.03, respectively). The SM to total phospholipid ratio

and the saturated nature (phospholipid ratio PC ? SM/

PE ? PS ratio) showed significant positive correlations with

the sensory FSS (R = 0.65; P = 0.0003* and R = 0.63;

P = 0.001*, respectively). The PC and PS phospholipid to

total phospholipid ratios showed inverse correlations with

the sensory FSS (R = -0.52; P = 0.01 and R = -0.44;

P = 0.03, respectively). The PI to total phospholipid ratio

showed a positive correlation with the EDSS (R = 0.47;

P = 0.02). Cholesterol showed no correlation with the

EDSS or FSS. Significant P values after correction for

multiple testing by Bonferroni are indicated with an *.

Correlations Between the C-reactive Protein

and Peripheral Blood Mononuclear Cell Membrane

Lipids from Patients with Multiple Sclerosis

and Controls Subjects are Summarized in Table 1

The CRP showed positive correlations with the PS SATS to

PUFA ratio in PBMC membranes from patients with MS,

and positive correlations with PC, PS, PI and total phos-

pholipids from control persons. It showed no correlation

with the saturated nature (phospholipid PC ? SM/

PE ? PS ratio), the ordered- to liquid-crystalline-phase

lipids (phospholipid PE to PC ratio) or cholesterol from

either the controls or patients.

Discussion

Results from this study showed that there were no signifi-

cant differences in PBMC membrane lipids or membrane

fluidity as measured by these lipids between patients with

MS and control subjects. However, even though no differ-

ences were found, correlation studies demonstrated a dis-

turbed metabolic relationship between these lipids, when

compared to that of control subjects. Harbige and Sharief

[3] used correlation studies to establish the metabolic

relationship between membrane PUFAs. In this regard, the

Rank R value is used as an indication of the degree of

association between the values of two lipids. In the present

study, the observed positive correlations in control subjects

between SATS, PUFAs, phospholipids, and cholesterol

were absent in the PBMC membranes from patients with

MS. These lipid metabolic abnormalities could be expected

to have had an effect on the behaviour of the lipid mole-

cules, indirectly on membrane fluidity and permeability,

and consequently on the functions of these immune cells

Ratio PC saturated to polyunsaturated fatty acids in peripheral
blood mononucklear cell membranes from patients with multiple
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Fig. 2 a Significant inverse correlation between the cerebral func-

tional system score and the ratio PC saturated to polyunsaturated fatty

acids in peripheral blood mononuclear cell membranes from patients

with multiple sclerosis: R = -0.51; P = 0.01. b Significant positive

correlation between the sensory functional system score and the ratio

PS saturated to polyunsaturated fatty acids in peripheral blood

mononuclear cell membranes from patients with multiple sclerosis:

R = 0.40; P = 0.04
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such as eicosanoid production and phagocytosis. Phagocy-

tosis is an important mechanism in cells for the elimination

of micro-organisms or foreign particles, and in which pro-

cess membrane fluidity plays an important role [10].

It is not clear from the results of this study whether these

metabolic abnormalities are adjustments on a cellular level.

Cells adjust their membrane lipids to adapt to changes in

their environment [12, 13]. However, the disturbed meta-

bolic relationship between membrane lipids from patients

with MS were reflected in the positive correlations between

membrane fluidity as measured by both its fatty acid satu-

ration (PS and PI SATS to PUFA ratios) and saturated nature

(phospholipid PC ? SM/PE ? PS ratio) and the sensory

FSS, that is, higher saturation correlated with a worse out-

come. The sensory FSS at its highest score (that is worse

outcome), indicates essential loss of sensation below the

head [14]. In contrast, membrane fluidity as measured by its

fatty acid saturation (PC SATS to PUFA ratio) showed an

inverse correlation with the cerebral FSS which is used to

indicate dementia [14] and may therefore be affected dif-

ferently by PBMC lipid composition and membrane fluidity.

Furthermore, Chia et al. [11] used X-ray diffraction studies

to investigate myelin from both healthy controls and patients

with MS to show. The results of this study are however

preliminary and need further investigation.

The CRP is an acute phase protein and has been used as a

marker of inflammation, also in assessment of the degree of

inflammation in patients with MS [23, 24] and has been

shown to correlate with infectious episodes and clinical

relapse in patients with MS [25]. The positive correlation

between the CRP and membrane phospholipids from healthy

controls reported in this study was absent in patients with

MS. It has been suggested that the biological activities of

CRP depend on its interaction with phospholipids of cell

membranes [26]. Furthermore, phospholipids indirectly also

play a role in the inflammatory process as it contains the n-6

and n-3 PUFAs which are mediators of inflammation. The

absence of correlation between the CRP and phospholipids

in patients with MS needs further investigation to ascertain

whether it contributes to the disease outcome.

Conclusions

The limitation of this study was that only female patients were

used. The main strength of this study is however that neither

the cases nor the controls were on any fatty acid supplements,

and the patients were not on interferon or corticosteroid

treatment. In conclusion, membrane fluidity as measured by

both its fatty acid and phospholipid compositions, correlated

with the FSS, more specifically the essential loss of sensation

below the head (sensory FSS) and this could be due to the

observed lipid metabolic abnormalities in PBMC membranes.

Furthermore, the changed relationship between membrane

phospholipids and C-reactive protein could be an indication of

immune cell dysfunction in patients with multiple sclerosis,

however this needs further investigations.
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