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Abstract. Various cell stimuli act through activation of
phospholipase A, resulting in the release of arachidonic
acid, the precursor of eicosanoids, from the sn-2 position
of cell membrane phospholipids. A byproduct of phospho-
lipase A, activity is the lysophospholipids which have been
found to potentiate T-lymphocyte activation. The purpose
of the present study was to determine whether the various
lysophospholipids modulate the migration of peripheral
normal human T lymphocytes in vitro. It was found that
lysophosphatidylcholine (lysoPC) induced T-lymphocyte
migration in the concentration range 10~ to 10~ M with a
maximum at 10-° M (mean chemotactic index, 2.06). The
migration was due to chemotaxis rather than chemokine-
sis. In contrast, lysophosphatidylethanolamine (lysoPE)
and lysophosphatidylinositol (lysoPI) did not exhibit chemo-
tactic properties towards T lymphocytes. Further studies
showed that the length of the fatty acids in the sn-1 posi-
tion as well as the presence of double bonds modulated the
chemotactic ability. The lysoPC compound with the high-
est chemotactic activity was lysoPC;1-palmitoyl (C = 16:
0). The results demonstrated that lysoPC, a phospho-
lipase A,-generated hydrolysis product of phosphatidyl-
choline, induced T-lymphocyte chemotaxis in vitro. Be-
cause phosphatidylcholine is the major phospholipid in
the epidermis, the activation of phospholipase A, may re-
sult in the release of lysoPC in concentrations capable of
inducing migration of T lymphocytes into the epidermis.
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T lymphocytes play an essential role in the initiation and
maintenance of immunological and inflammatory pro-
cesses. T-lymphocytic infiltrates are characteristic for
many inflammatory skin diseases, including psoriasis. In
order to induce their effects, T lymphocytes must migrate
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through the capillary vessels and enter the dermis and epi-
dermis, as is observed in the early stages of the develop-
ment of psoriatic lesions [15].

Several T-lymphocyte chemoattractant cytokines [4]
and eicosanoids [3] have been detected in psoriatic skin le-
sions. The rate-limiting step in eicosanoid metabolism is the
release of arachidonic acid from its ester bond in cell mem-
brane phospholipids by the action of phospholipase A,.
While the arachidonic acid metabolites such as leukotriene
B, are well characterized, much less is known about the ef-
fects of the phospholipase A,-generated hydrolysis products
of phospholipids (lysophospholipids). One of the major
lysophospholipid classes lysophosphatidylcholine (1ysoPC)
exhibits chemotactic activity towards monocytes, but not
towards neutrophils [13]. LysoPC D- and L isomers have the
same monocyte chemotactic activity, indicating a lack of
stereospecificity at the receptor level. Using lysoPC ana-
logues, it has been found that a hydrolysable binding vicinal
to the phosphocholine group is required for the expression
of chemotactic activity [14]. Furthermore, lysoPC induces
the expression of adhesion molecules for mononuclear
cells, VCAM-1 and ICAM-1, in cultured rabbit and human
arterial endothelial cells [10]. With regard to T lympho-
cytes, lysoPC greatly potentiates the activation of protein
kinase C in resting human T Iymphocytes [1].

The purpose of this study was to determine whether
lysophospholipids with different bases in the sn-3 position
(lysoPC, lysophosphatidylethanolamine, lysoPE; lyso-
phosphatidylinositol, lysoPl) are chemoattractants for T
lymphocytes, and whether the fatty acid in the sn-1 posi-
tion has any influence on the chemotactic properties.

Materials and methods

Reagents

Phosphatidylcholine (PC, 99%), lysoPC;1-caproyl (99%), lysoPC;
1-stearoyl (99%), lysoPl; 1-palmitoyl (99%), lysoPE; 1-palmitoyl
(99%) and coomasie brillant blue were all from Sigma Chemicals,
(St. Louis, Mo.). LysoPC;1-palmitoyl was from Larodan, Malmg,
Sweden. Isopaque Ficoll was purchased from Pharmacia LKB,
Biotechnology, Uppsala, Sweden.



T-lymphocyte purification

Venous blood (100 ml) was obtained from healthy young individ-
uals. Mononuclear cells were separated on Isopaque Ficoll,
washed once with Hank’s medium and centrifuged at 1300 rpm for
10 min. The T-lymphocyte fraction was obtained by the nylon
wool method for T-lymphocyte purification as previously de-
scribed [9]. The T lymphocytes had a purity of > 95% as deter-
mined by FACS analysis.

Chemotactic assay

The chemotactic activity of the T lymphocytes was analysed using
a 48-well multiwell Boyden chemotaxis chamber as previously de-
scribed [8]. The chemoattractants were dissolved in ethanol and
then serially diluted in RPMI-1640 containing 100 U/ml penicillin,
100 pg/ml streptomycin, 20 mM L-glutamine and 0.5% bovine
serum albumin (BSA) leaving the ethanol concentration at a max-
imum of 2% in the lower chambers. A volume of 27 pl was added
to the lower wells with three wells for each concentration tested.
The T lymphocytes were resuspended to a concentration of 5 X
1097 cells/ml in the medium and 50 pl was added per well in the
upper chambers. The filter (polyvinylpyrrolidone-free polycarbon-
ate membrane with a 5-um pore size; Nucleopore, Pleasanton,
Calif., USA) was placed between the upper and lower chambers
with the side coated with collagen IV (mouse type IV collagen;
Gibco (BRL, Gaithersburg, Md., USA)) facing downward. The
chambers were incubated at 37°C in an atmosphere containing 5%
CO, for 2 h. For the time-course study the incubation period var-
ied from 15 min to 120 min. The cells that had moved to the lower
surface of the membrane were fixed in 70% methanol, dried and
stained with coomasie brilliant blue. Two representative grid areas
were chosen per well, and the cells were counted manually. Each
assay was performed six times. The chemotactic activity was ex-
pressed as the chemotactic index (CI), defined as the number of
cells migrating in response to the test substance divided by the the
number of cells migrating when only control medium is present. In
order to examine whether migration was due to chemokinesis rather
than chemotaxis, a modified checkerboard analysis was done. In
this analysis the top and bottom wells contained equal concentra-
tions of test substance. As the gradient over the membrane was
abolished in this situation any migration in relation to the control
was the result of chemokinesis.

Cell viability assay

T-lymphocytes (n = 3) were separated as previously described [8].
The T lymphocytes were diluted to 1 x 109 cells/ml in 96-well trays
to give 100 ul cells suspension per well in RPMI-1640 supple-
mented with 2% FCS, 6.06 mg/ml penicillin, 10 mg/ml strepto-
mycin and 2.5 mg/ml gentamicin. A series of dilutions (10-7-10~ M)
of the chemoattractants (lysoPI;1-palmitoyl, lysoPE;l-palmitoyl,
lysoPC;1;caproyl, lysoPC;l-palmitoyl, lysoPC;1-oleyl, lysoPC;1-
stearoyl, PC) used in the chemotactic assays were added to the
wells. The trays were incubated at 37°C in an atmosphere contain-
ing 5% CO, for 2 h after which 25 ul of a 5 mg/ml stock solution
of MTT (3-(4,5-dimethyl-2-y1)-2,5-diphenyltetrazolium bromide,
Sigma) was added to each well and cultured for 2 h under the con-
ditions mentioned previously. Extraction buffer (100 ul) was
added (12.5% SDS, 45% N,N-dimethyl formamide, PBS) to each
well and the trays were incubated for 24 h. The optical density was
measured at 570 nm using the medium as a negative control and
70% ethanol as a positive control. An ethanol concentration of 2%
without the chemoattractants was also tested for toxicity.

Statistical analysis

For each concentration of test substance the mean and standard de-
viation (SD) were determined and compared with the controls. If
the data were distributed parametrically as assessed by the normal-
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ity and equal variance test a paired t-test was performed. In cases
where they were not, a Mann-Whitney rank sum test was used. A
P value below 0.05 (one-tailed) was considered significant.

Results

The percentage of cells which migrated in response to the
medium was only 8% of the total cell number added to the
upper wells. The average cell count of a grid area where
cells had migrated towards the medium was 110 £ 32
(mean + SD). The checkerboard analysis showed that the
cell migration observed was due to chemotaxis and not to
chemokinesis (Table 1). Cell viability was assessed by
measuring the mitochondrial dehydrogenase activity

Table 1. Chemotactic and chemokinetic activities of lysoPC forms

Acone. LysoPC; LysoPC; LysoPC;
(M) 1-oleyl 1-stearoyl 1-palmitoyl
(CI) (ChH (CD
10-4 1.08 £ 0.15 1.30+£0.26 1.55+0.32
0 0.98 £ 0.09 1.10 £ 0.10 1.00 £ 0.12
10-3 1.40+ 0.06 1.50 £ 0.30 1.67 £ 0.41
0 0.914+0.08 0.98 £0.07 0.88 £ 0.22
10-¢ 1.68£0.19 1.94 £0.43 2.06 £0.29
0 0.93 + 0.08 1.00 + 0.09 0.95 £0.05
107 1.20 £0.07 1.66 +£0.42 1.67 £ 0.38
0 0.85£0.09 0.88 £ 0.10 1.10 £ 0.08
10-3 1.13+£0.17 1.25+£0.28 1.43+0.52
0 0.88 £ 0.07 0.89 £ 0.05 0.94 £0.10

A one.» Concentration of test substance (M) in lower chamber — con-
centration of test substance (M) in upper chamber; CI, chemotactic
index

The values for the modified checkerboard analysis (A o = 0) are
mean = SEM of three experiments performed in triplicate

Table 2. Results of the MTT assay with the test substance at a con-
centration of 10-¢ M

Agonist Absorbance
at 570 nm
(arbitrary units)
Medium 0.255
Etanol 70% in medium 0.073
LysoPI; 1-palmitoyl 0.251
LysoPE; 1-palmitoyl 0.247
LysoPC; 1-caproyl 0.248
LysoPC; 1-palmitoyl 0.252
LysoPC; 1-oleyl 0.244
LysoPC; 1-stearoyl 0.252
PC 0.245

The absorbance at 570 nm had a value of 0 of an empty chamber
and a value of 0.255 when the chamber contained T-lymphocytes
in medium. At the other concentrations tested (10~ '°—10-% M)
the results were similar, with a maximum cytotoxicity at 4.30%.
Values are the means of three experiments performed in triplicate.
The difference between the mean value and the results obtained by
each of the three independent experiments was less than 10% with
all agonists at all concentrations
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(MTT assay) in the concentrations used for the chemotactic
assays (10719-10~* M) [12]. All the chemoattractants tested
were non-toxic in this concentration range (Table 2). The
culture medium containing 2% ethanol was also negative.

T-lymphocyte chemotactic activity
of different lysoPC classes

Figure 1 shows the T-lymphocyte chemotactic properties
of different lysophospholipid classes (lysoPC, lysoPlI,
lysoPE). LysoPC proved to be the only lysophospholipid
exhibiting chemotactic properties. It was chemotactic in
the concentration range 1077 to 10™* M with a maximum
at 10-% M, where the CI was on average 2.06. LysoPI
and lysoPE caused only minor fluctuations in T-lympho-
cyte chemotaxis (Fig.1). In contrast to lysoPC, PC was
not T-lymphocyte chemotactic in concentrations from
1019 to 10* M (data not shown). For comparison we
tested the T-lymphocyte chemotactic properties of fMLP
at 1078 M, where the Cl was a maximum (Cl, 2.48; data
not shown).

Influence of fatty acid length
on lysoPC chemotactic ability

In the experiments described above, the fatty acid in the
sn-1 position of lysoPC was palmitoyl (C = 16:0). The
following experiments compared the T-lymphocyte chemo-
tactic activity of lysoPCs with fatty acids of different
length in the sn-1 position (Fig.2). LysoPC;1-caproyl (C =
6:0) did not possess chemotactic properties in the con-
centration range 1019 to 10-* M. For lysoPC;1-stearoyl (C
= 18:0) chemotaxis was observed in the concentration
range 1078 to 10# M and was a maximum at 10° M (Cl,
1.94). At all concentrations tested, the Cl for lysoPC;1-
stearoyl was lower than for lysoPC;I-palmitoyl, but the
difference was not statistically significant.

Influence of double bonds
on the chemotactic activity of lysoPCs

Comparison of lysoPC;l-oleyl (C = 18:1), which pos-
sesses a double bond in the ®-9 position, and lyso-PC;1-
stearoyl (C = 18:0), which is saturated, showed that the
presence of a double bond weakened the chemotactic
properties of the molecule, although this difference was
not statistically significant (Fig.2). The maximum Cl of
lysoPC;1-oleyl was 1.68 (10° M), and the concentration
range inducing chemotaxis was narrow, which was re-
flected in the sharp rise from 107 to 106 M.

It would have been appropriate to test lysoPCs with
other fatty acid lengths and lysoPCs with more double
bonds. However, such lysoPCs were not commercially
available.

Time course study
for lysoPC induced T-lymphocyte chemotaxis

The time course study (Fig.3) showed that migrating T
lymphocytes could be detected after 15 min. The curve
representing cell migration in response to medium (con-
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Fig.1. T-lymphocyte chemotactic activity of various lysophospho-
lipid classes. @, LysoPE; O, lysoPI; V, lysoPC. T lymphocytes

were incubated in a Boyden chamber for 2 h. Data are mean +
SEM of six experiments performed in triplicate
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Fig.2. Influence of sn-1 fatty acid length and double bond on
lysoPC chemotactic abilities. LysoPC with sn-1 fatty acids of dif-
ferent lengths (@, caproyl C = 6; ¥, palmitoyl C = 16; V, stearoyl
C = 18) and of different degrees of saturation (O, oleyl C = 18(9))
were tested for chemotactic activity in a Boyden chamber. The
incubation time was 2 h. Each experiment was performed in trip-
licate (n = 6). The SEMs for the chemotactic lysoPC forms (10~ 8-
10-* M) can be seen in Table 2. The remaining SEMs did not ex-
ceed 0.4

trols) reached a platean after 30 min. LysoPC (10-° M) in-
duced a time-dependent migration of T lymphocytes, and
a plateau was not reached after incubation for 2 h.
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Fig.3. Time course study. LysoPC: 1-palmitoyl at a concentration
of 10-% M was incubated in a Boyden chemotaxis chamber for var-
ious times (n = 6). Each experiment was done in triplicate. @, Con-
trols; O, lysoPC

Discussion

Our studies involving lysophospholipids with different
bases showed that lysoPC was the only one that induced T-
lymphocyte chemotaxis. The biological activity of lysoPC
is in accordance with other studies in which lysoPC was
found to be the most potent among the lysoderivatives to
potentiate activation of resting human T lymphocytes. This
includes acitvation of protein kinase C and the IL-2 recep-
tor [1]. In addition, lysoPC was the only lysophospholipid
class that induced monocyte chemotaxis [14].

We found that the length of the fatty acid in the sn-1 posi-
tion of the lysoPC molecule was important for T-lympho-
cyte chemotactic activity. A short chain fatty acid such as
caproyl (C = 6:0) was ineffective, whereas the longer ones
were cffective exhibiting a maximum at a length of 16 C
atoms. The presence of a double bond at ®-9 of the fatty
acid weakened the chemotactic properties and narrowed
the concentration range in which chemotaxis was present.
For comparison the maximum chemotactic activity of lysoPC;
1-palmitoyl was similar to that of TL-8 (10~ M) [15], but
lower than that of fMLP at a concentration of 108 M.

Because PC is the quantitatively most important epi-
dermal phospholipd, comprising approximately 54% of
the phospholipids in normal epidermis [7], it is interesting
that this molecule, but the action of phospholipase A,, can
be turned into a molecule that stimulates the activities of
T lymphocytes, monocytes and mast cells, which all par-
ticipate in inflammatory reactions in the skin [2, 11, 13].

The chemotactic properties of lysoPC can probably be
attributed to its role as an additional second messenger to
phospholipase C as it acts synergistically with diacylglyc-
erol to activate protein kinase C [1]. Another model by
which lysoPC could exert its chemotactic effect is that
proposed by Quinn et al. [14] who suggested that lysoPC is
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hydrolysed by lysophospholipase C generating monoacyl-
glycerol which undergoes an acetylation to diacylglycerol —
a known second messenger. Further studies are required to
determine the relevance of these models. The activity of
phospholipase A, is increased in psoriasis [6] and possibly
also in atopic dermatitis where increased eicosanoid levels
are present [5]. Whether increased activity of phospholi-
pase A, leads to increased amounts of lysoPC depends on
the activity of the acetyltransferases which reesterify the
lysoderivative. Our results indicate that lysoPC at biologi-
cally active concentrations can participate in the immuno-
logical and inflammatory processes occurring in psoriatic
lesions. It would, therefore, be of interest to examine the
content of lysoPC in normal and psoriatic skin.
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