Changes of lymphocyte membrane fluidity in
rheumatoid arthritis: a fluorescence polarisation
study
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SUMMARY Fluorescence polarisation of 1,6-diphenyl-1,3,5-hexatriene was used to study the
lymphocyte membrane in rheumatoid arthritis. The increase of polarisation value in the patients
(n=27) compared with healthy controls (n=32) suggests a decrease of membrane fluidity.
Moreover, erythrocyte sedimentation rate (ESR) and plasma fibrinogen concentrations
were positively correlated with lymphocyte fluorescence polarisation values (r=066 and r=0-76
respectively). The results suggest that the changes in lymphocyte membrane fluidity could be
involved in the pathogenetic mechanism of rheumatoid arthritis.
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Rheumatoid arthritis (RA) is characterised by complex abnormalities of the immunological system and
by the presence of defects in the regulation of the
immune response. The principal immunopathogenetic features are the production of rheumatoid
factor, the presence of circulating immune complexes, and alterations in the functional activities of
polymorphonuclear cells1 2 and lymphocytes..5
Immunoregulation is mediated by a complex
network of cellular interactions involving both cellcell contacts and soluble factors.6 In these events a
key role is performed by cell membranes, both
plasmatic and intracellular, as they are involved in
cellular recognition phenomena and in signal
transduction. Although the aetiology of RA is still
unknown, it has become evident that lymphocytes
have an important role in the pathogenesis of RA,9
as suggested by the observation that profound
clinical improvements follow depletion of recirculating lymphocytes either by lymphopheresis or
thoracic duct drainage,10 11 and that lymphocyte
reinfusion causes transient exacerbations.4 Several
studies have shown abnormal lymphoid cell
morphology12 and functions in the peripheral blood
of patients with RA35 13 and an increase of circulating activated lymphocytes.14 15
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As cell membranes have been shown to be

primarily involved in immune res onses'6 in inflammatory and cytotoxic events,'6 the possibility
of lymphocyte membrane alterations at the molecu-

lar level has to be considered. Alterations in the
behaviour of lymphocytes from patients with RA
may be due to abnormalities in membrane fluidity.
Membrane fluidity has an important role in regulating cellular functions affecting the conformation of
membrane-bound enzymes,i8 the diffusion19 or the
degree of receptor protein exposure, or both, and
their recycling ); fluidity as measured by spectroscopic techniques is a complex physicochemical feature
in which mobility and order of membrane components and membrane permeability properties are
strictly interconnected. 1 Changes in composition
and in molecular organisation are the principal
determinants of alterations of membrane fluidity
observed in many human diseases. 22-27
In this study we used the fluorescence polarisation
of 1,6-diphenyl-1,3,5-hexatriene (DPH), which has
been widely used to analyse membrane fluidity of
blood cells in normal and pathological conditions.2>27 The lipophilic probe DPH, though
primarily embedded in the plasma membrane, is not
located exclusively there, but also penetrates the
intracellular membranes, thus characterising all cell
membrane apparatus.28
Our principal aim was to study the physicochemical state of the lymphocyte membrane in patients
472

with RA and to try to correlate this with clinical and
biochemical indices of RA activity. The results are
discussed in the light of the possible involvement of
lymphocyte membrane in the pathogenetic mechanism of RA.
Patients and methods

escence intensity. With our experimental conditions
we did not observe significant changes in spectral
characteristics and kinetic incorporations of DPH
into lymphocyte membranes of patients with RA in
comparison with control membranes. After 45
minutes' incubation at room temperature the
labelled cells were used for fluorescence studies.

PATI ENTS

FLUORESCENCE POLARISATION ANALYSIS

Twenty seven patients (19 women, eight men; mean
age 53.8 (SD 14.4) years, range 20-79) with
classical or definite RA according to the criteria
of the American Rheumatism Association were
studied. None had taken disease modifying antirheumatic drugs for at least six months and nonsteroidal anti-inflammatory drugs for at least three
days. Disease activity was assessed clinically by the
Ritchie index and by measurement of a series of
objective indices, including erythrocyte sedimentation rate (ESR),29 a2 globulins,3( C reactive protein
(CRP),3' plasma fibrinogen concentrations,32
platelet count, pasma sulphydryl groups,33 and
plasma viscosity.
Thirty two healthy subjects (19 women, 13 men;
mean age 45 (15-4) years, range 22-78) acted as
controls.

DPH fluorescence polarisation was measured with a
Perkin Elmer spectrofluorimeter MPF 44A. The
excitation and emission wavelengths were respectively 365 nm and 430 nm. The degree of DPH
fluorescence polarisation (P) was obtained by the
following equation:

LYMPHOCYTES

Lymphocytes were obtained from freshly drawn
heparinised blood by Ficoll-Isopaque (Lymphoprep;
Nyegard and Co, A/S, Oslo, Norway) centrifugal
sedimentation.35 A population of cells containing
98% lymphocytes was obtained. Possible contamination by monocytes was tested by staining with
a-naphthol acetate esterase.36 The isolated lymphocytes were washed twice, resuspended in phosphate
buffered saline to a concentration of 2x 106 cells/ml,
and immediately used for fluorescence measurements.
FLUORESCENCE LABELLING OF
LYMPHOCYTES

1,6-Diphenyl-1,3,5-hexatriene was used as the
fluorescent probe for monitoring the degree of
fluidity of the cell membrane. DPH was dissolved in
tetrahydrofuran at a concentration of 2x 10-3 mol/l.
For cell labelling, the solution of DPH was diluted
1000-fold by injection into vigorously stirred phosphate buffered saline. The dispersion of DPH
obtained (2x 10-6 mol/l) was clear and practically
lacking in fluorescence. One millilitre of this
fluorescent probe solution was added to 1 ml of
cellular suspension (2x 106 cells/ml) to give a final
probe concentration of 10-6 mol/1.27 28
The incorporation of DPH into lymphocyte membranes was followed by a steep increase in fluor-

IIl+ILg
111+!1g
where g is an instrumental correction factor, III and
IL are respectively the emission intensities polarised
vertically and horizontally to the direction of the
polarised light. For DPH the fluorescence polarisation values depend on probe rotational mobility and
on the degree of order of membrane molecules;
changes in fluorescence polarisation values have
been correlated with changes in membrane microviscosity. In general, an increase of fluorescence
polarisation indicates an increase of microviscosity
and therefore a decrease of fluidity, assuming, on
physical grounds, that fluidity is the reciprocal of
viscosity.2'
STATISTICAL METHODS

All results are expressed as mean (SD). Data were
analysed by Student's t test and the Mann-Whitney
U test, and linear regression analysis was used for
the calculation of correlation coefficients.
Results

Fig. 1 shows the individual values of DPH fluorescence polarisation in lymphocytes from healthy
controls and patients with RA. Of the 27 patients
with RA studied, 16 showed polarisation values
clearly above the range of the controls, while the
remaining cases were above the control mean value.
Among the patients with RA there was a significant
increase of DPH polarisation (Table 1) (p<0-01
Mann-Whitney test). indicating a decreased lymphocyte membrane fluidity. The applicability of this
molecular approach in the study of RA pathogenetic
mechanisms is confirmed by the lack of variability of
polarisation values in relation to the sex and the age
of the subjects. There were no significant differences in the mean polarisation values in relation to
the sex and age either in the controls or in the
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patients with RA (Tables

1 and 2). In healthy
and men we obtained mean (SD) fluorpolarisation values of 0 215 (0-004) and
0-218 (0 006) respectively. These values were
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Fig. 1 Fluorescence polarisation values of 1.6-diphenyl1,3,5-hexatriene in lymphocyte membranes of patients with
rheumatoid arthritis (O, O) and of control subjects (0,0).
The dashed line indicates the control mean fluorescence
polarisation value, and the continuous lines the range
of values for the controls.

Table 1 DPH fluorescence polarisation values related to
sex of the subjects in lymphocytes from controls and
patients with rheumatoid arthritis
Controls

Fluorescetnce
polarisaotioo

Patients with
rlietionatoid arthlritis

Numinber
Fluorescenice
polarisationl
va1l/ues

values'
Men
Women
Total

0 -218 (0)-()(6)
0 215 (0.( 4)

0(217 (0(005)

13
19
32

Numnber

0(235 (00)8)* 8
0 232 (0(009)* 19
0 233 (0(009)* 27

*p<0O01 Mann-Whitncy tcst.

significantly different from those in women and men
with RA (0.232 (0-009) and 0 235 (0 008) respectively; p<0.01 Mann-Whitney test) (Table 1). These

results indicate an average increase of membrane
fluorescence polarisation of 7-8% in the RA
lymphocytes as compared with normal lymphocytes.
Although this difference between groups appears to
be small in absolute value, the standard deviation of
DPH fluorescence polarisation measurements is
extremely small so that the difference in the mean
values for the two groups is highly significant
(p<001). To determine possible differences in
membrane fluidity in cells other than lymphocytes
the fluidity of erythrocyte membrane isolated from
patients with RA and from healthy controls was
tested by fluorescence polarisation. No difference
was detected in fluidity of erythrocyte membranes
from patients with RA and from control subjects
(data not shown). When 0-229 was taken as the
fluorescence polarisation cut off point, this being the
upper limit of lymphocyte membrane fluidity in the
normals (Fig. 1), the patients with RA were divided
into two classes, one having fluorescence polarisation values lower than 0 229 and the other having
values higher than 0 229. The patients with decreased lymphocyte membrane fluidity had the
Table 3 Compparison of disease ctivity indices and DPH
fluorescenice polarisationi values (P) in lymphocytes of
patientts with rheumatoid arthritis

ESR (mm/h)
Fibrinogen (g/1)
a, Globulins

(QI)

Platelet count (xVl()/l)
Plasma viscositX (cP): 37 C
IX°C
C rcactisc protein (mg/I)
Plasma sulphsdrxl groups (mig/I)
Ritchic indcx

P<0O229

P>0 229

5 I ( 19) ;
3 68 (0(65)
0(78 (0-07)
30)( (70)
138 (0(16)
2-11 (l)-21)
28 (18)
13 7 (1 5)
17 6 (9)

71 (30) "
6 16 (1 34)*
0(79 (0-07)
313 (101)
1 48 (0(12)

2-24 (0)-17)
34 (12)
13.1 (0(9)
20 (17)

p<()()001.
,Data ,Irc prcscntcd (Is mcain (SD).

tValues are mean (SD).

Table 2 DPHfluorescence polarisation values related to age in lymphocvtes from controls and patients with
rheumatoid arthritis
Subjects

Controls
Patients with rheumatoid arthritis

*p=0-008, **p=0-001, ***p=0 005,

tData are presented as mean (SD).
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Age (years)
20-35

35-50

50-65

65-80

0215 (0010),
(n= 12)
0-228 (0-010)*

0-217 (00004)
(n=8)
0-231 (0.007)**

0-218 (0(007)

(n=6)

(n=5)

0(218 (0-004)
(n=6)
0-231 (0-009)***
(n =8)

(n=8)

****p=0.016 as compared with controls.

(n=6)
0.237 (0-012)

highest ESR, CRP concentrations, Ritchie index,
and plasma fibrinogen concentrations, whereas the
patients with the lowest ESR, CRP concentrations,
Ritchie index, and plasma fibrinogen concentrations
had lymphocyte membrane fluidity in the normal
range (Table 3). There were no differences in a2
globulin concentrations, platelet count, plasma
sulphydryl groups, and plasma viscosity in the two
groups. Moreover, both ESR and plasma fibrinogen
concentrations were positively correlated with lymphocyte fluorescence polarisation measurements
(r=066, p<0.01; r=0-76, p<001 respectively (Figs
2 and 3).

0.250

Discussion
Using fluorescence polarisation, we have shown a
decrease of fluidity in lymphocytes from patients
with RA. Although apparently slight (average
increase 7-8%), the observed changes in membrane physical state are noteworthy as much experimental evidence has shown that even small
modifications of fluidity can affect membrane
functions through the control exerted by phospholipid matrix on membrane protein activities. Moreover, changes similar to those found by us have been
reported in cell membranes either in experimental
or in human disease.24 37-39
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Fig. 2 Correlation between
erythrocyte sedimentation rate
(ESR) and fluorescence
polarisation of 1,6-diphenyl-1,3,5hexatriene in lymphocyte
membranes from patients with
rheumatoid arthritis (r=0-66,
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Fig. 3 Correlation between
plasma fibrinogen concentrations
and fluorescence polarisation of
1,6-diphenyl-1,3,5-hexatriene in
lymphocyte membranes from
patients with rheumatoid arthritis
(r=0-76, p<001).
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The study of cell membrane fluidity in various
human diseases has received increasing attention in
recent years and it has been used to investigate
disease at the molecular level. The alterations we
observed in lymphocyte membrane can be considered specifically linked to this cell as non-specific
effects can be excluded by the finding that erythrocyte membrane fluidity was not modified. Further
relevance to these results comes from the association of the highest polarisation values with the
highest Ritchie index and CRP concentrations;
fluorescence polarisation values were also positively
correlated with ESR and plasma fibrinogen concentrations. As ESR and plasma fibrinogen concentrations are considered to be indicators of
disease activity our results suggest that alterations in
lymphocyte membrane fluidity could be related to
inflammation; it is not possible to explain at present,
however, why positive correlations have been found
for only two indices and not for all the indices
studied.
A hypothesis can be advanced about the molecular mechanisms involved in the changes of membrane physical state shown in RA lymphocytes. The
membrane fluidity is related to the structural organisation of phospholipid molecules, in particular
in the membrane hydrophobic core probed by DPH;
a decrease of acyl chain unsaturation produces a
decrease of fluidity. After the respiratory burst the
release of free radicals and active oxygen species
causes damage to membrane proteins40 and induces
the peroxidation of polyunsaturated fatty acids of
membrane phospolipids.i 42 In phospholipid liposomes lipid peroxidation has been shown to increase
membrane ngidity.43 This effect could be of importance in lymphocyte membranes, which have a high
content of unsaturated fatty acid and a very high
susceptibility to lipid peroxidation. Moreover, in
RA there is evidence of increased levels of free
radical oxidation products in serum and synovial
fluid44 45 and evidence of decreased levels of free
radical scavengers and antioxidant enzyme systems,
which normally protect the biological membranes
from peroxidation. The increase of lipid peroxidation or the decrease of antioxidant systems could
induce the observed changes in lymphocyte membrane fluidity, and these could be either a passive
consequence of the disease condition or be directly
involved in its pathogenetic mechanism. Although
further studies are necessary to elucidate these
aspects of membrane damage, we suggest that the
lymphocyte membrane can be used to investigate
molecular events of RA.
The authors

are grateful to Professor Claudio Cervini for his
helpful comments in the preparation of the manuscript.
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