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Allicin inhibits SDF-1a-induced T cell interactions with fibronectin and
endothelial cells by down-regulating cytoskeleton rearrangement,
Pyk-2 phosphorylation and VL A-4 expression
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SUMMARY

Allicin, a major ingredient of fresh garlic extract that is produced during the crushing of
garlic cloves, exerts various beneficial biological effects, including a broad spectrum of
antimicrobial activity, antihyperlipidaemic and antihypertensive effects. However, how allicin
affects the immune system is less well known, and its effect on human T cells has never been
studied. Here, we examined the in-vitro effects of allicin on the functioning of T cells related to
their entry to inflamed extravascular sites. We found that allicin (20-100 M) inhibits the
SDF-1a (CXCL12)-induced T cell migration through fibronectin (FN), and that this inhibition
is mediated by the down-regulation of (i) the reorganization of cortical actin and the
subsequent T cell polarization, and (ii) T cell adhesion to FN. Moreover, allicin also inhibited
T cell adhesion to endothelial cells and transendothelial migration. The mechanisms under-
lying these inhibitory effects of allicin are associated with its ability to down-regulate the
phosphorylation of Pyk2, an intracellular member of the focal adhesion kinases, and to reduce
the expression of the VCAM-1- and FN-specific a431-integrin (VLA-4). The ability of allicin
to down-regulate these chemokine-induced and VLA-4-mediated T cell functions explains its
beneficial biological effects in processes where T cells play an important role and suggests that

allicin may be used therapeutically with chronic inflammatory diseases.

INTRODUCTION

The diverse beneficial health-related biological effects of garlic,
Allium sativum, are attributed to its characteristic organosulphor
compounds.'™ Allicin (diallyl-thiosulphinate), the best-known
and most extensively studied of these compounds, is a major
ingredient of fresh garlic extract. Allicin is produced during the
crushing of garlic cloves by the chemical interaction between
the non-protein amino acid alliin and the enzyme alliinase,
which is also present in the cloves.’

Allicin has a variety of therapeutic properties. For example,
it exhibits antibacterial activity against a wide range of Gram-
negative and Gram-positive bacteria and even acid fast.®’
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Moreover, allicin possesses a strong antifungal activity, parti-
cularly against Candida albicans®™® as well as antiparasitic
activity,'® and it is active against certain viruses.® In addition
to its effect on pathogens, allicin reduces serum cholesterol and
lowers the LDL level.!! Tt suppresses the oxidation of LDL,"?
thereby reducing the risk of atherosclerosis and the formation of
fatty streaks (atherosclerosis) in hyperlipidaemic mice."* In
addition, allicin inhibits platelet aggregation,'* acts as a sys-
temic vasodilator with an antihypertensive effect'® and inhibits
the proliferation of human tumour cells.'®

However, despite the fact that its beneficial effects regarding
pathogens have been well established, little is known about
whether allicin affects immune cell activation and behaviour.
Interestingly, garlic extract was found to reduce the migration of
neutrophils through endothelial cells.!” However, the effects of
allicin on human T cells has never been studied. Here, we
examined the in-vitro effects of allicin on the functioning of T
lymphocytes within extravascular inflamed sites. T cell migra-
tion from the vascular compartment, across tissue barriers and
through the extracellular matrix (ECM), is a key event during
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inflammation that is mediated primarily by Bl-integrins.'® In
these extravascular sites of inflammation, inflammatory med-
iators, including cytokines and chemokines, activate T cells and
affect their recognition of ligands and binding of integrins.'®%2

Our results demonstrate that allicin inhibits T cell migration
through fibronectin (FN), a major cell adhesion glycoprotein of
the ECM, by down-regulating the reorganization of cortical
actin with subsequent T cell polarization independent of the
interaction with FN, and also by inhibition of T cell adhesion to
FN. The down-regulation of Pyk2 phosphorylation and very late
antigen-4 (VLA-4) expression may account for these inhibitory
effects of allicin. These mechanisms are probably also respon-
sible for the observed allicin-induced inhibition of T cell adhe-
sion to human umbilical vein endothelial cells (HUVEC) and
the inhibition of transendothelial migration. Thus, allicin may
be used therapeutically to down-regulate inflammatory reac-
tions, such as these associated with autoimmunity and allergy.

MATERIALS AND METHODS

Reagents

Allicin was prepared by applying synthetic allicin onto an immo-
bilized alliinase column, as described previously.>* Allicin con-
centration was determined according to Miron et al** The
following reagents and chemicals were purchased from the
following sources: RPMI-1640 (Gibco BRL), fetal calf serum
(FCS), HEPES bufter, antibiotics, sodium pyruvate (Kibbutz Beit-
Haemek, Israel), fibronectin (FN; Chemicon, Temecula, CA) and
recombinant human SDF-la (R&D Systems, Minneapolis,
MN). Tissue culture plates were purchased from Becton Dickinson
Labware (Franklin Lakes, NJ). Monoclonal antibodies (mAbs)
directed against the oy, as and og subunits of the human
B1-integrin, clones HP2/1 and JBSS, respectively, and antihuman
LFA-1 (clone DF1524) as well as the anti-CXCR-4 mAb were
obtained from Serotec (Oxford, UK); mAb antiphosphorylated
Pyk2 (clone py881) was obtained from Biosource (Camarillo,
CA) and antitotal Pyk2 (clone N-19) from Santa Cruz Biotech
(Santa Cruz, CA). Nay' [Cr]O, was purchased from Amersham
Pharmacia Biotech (Little Chalfont, UK).

Human T cells

T cells were obtained from the peripheral blood of healthy
human donors, and isolated on Ficoll-Histopaque prepacked
columns and washed. B cells were depleted by adherence to
nylon wool (Novamed, Jerusalem, Israel) in a humidified atmo-
sphere (45 min, 37°, 7-5% CO,) as described previously.>*
The non-adherent cells were eluted and washed. To remove
monocytes, we incubated (2 hr, 37°, 7-5% CO, humidified
atmosphere) the cells on tissue culture grade Petri dishes.
The non-adherent cells were collected and CD3™ T cells were
isolated by negative selection with a mouse antihuman antibody
cocktail (Pan T cell kit, Miltenyi Biotec, Germany) containing
mAbs against CD11b, CD16, CD19, CD36, and CD56. The
cells were then passed through separation columns (MiniMACS
columns, Miltenyi Biotec).

Human umbilical vein endothelial cells
HUVEC were isolated from umbilical cord veins and cultured
as described.”’

Chemotaxis assays

The migration of human T cells was examined in a 24-well
chemotaxis microchamber (6-5-mm diameter; Corning, NY).
The two compartments of the microchambers were separated
by a FN-coated (1-25 wg/well) polycarbonate filter (5 pm
pore size; Osmonics Proteins Products, Livemore, CA). To
induce T cell chemotaxis, SDF-1a (100 ng/ml) was added to
the lower wells, and the °![Cr]-radiolabelled T cells (2 x 10>
cells in a 100 pl/well) in RPMI-1640 [containing 0-1%
bovine serum albumin (BSA)] were placed in the upper
chambers. Various concentrations of allicin were added,
together with the cells to the upper chamber. After completing
the assay (3 hr, 37° in a humidified, 7-5% CO, atmosphere),
the filters were removed and the number of migrating T cells
was determined by the level of radioactivity present in the
lower wells. Control wells contained radioactivity of the cells
that passed without a chemoattractant. The results (£ SD) are
expressed as the mean percentage of migrating T cells from
duplicate wells.

For migration experiments on tumour necrosis factor
(TNF)-a-activated  endothelial cells, primary HUVEC
(passages 2 or 3) were left intact or stimulated on the filters
for 18 hr with heparin-free culture media supplemented with
TNF-a (2 ng/ml, 50 units/ml; R&D, Minneapolis, USA).

T cell adhesion assay

T cell adhesion to FN was analysed as described previously.?
Briefly, flat-bottomed microtitre well plates were precoated
with FN (10 ng/ml; Sigma, St Louis, MO) and the remaining
binding sites were blocked with 1% BSA. Next,”'[Cr]-labelled
T cells were resuspended in RPMI-1640 medium supplemented
with 1% HEPES buffer and 0-1% BSA (adhesion medium),
and were then added to the wells with different concentrations
of allicin. The plates were incubated (60 min, 37° in a 7-5%
CO, humidified atmosphere) and then washed gently three
times. The adherent cells were lysed (1 M NaOH, 0-1%
Triton X-100 in H,O), removed and counted by a g-counter
(Packard, Downers Grove, IL). The results (& SD) are expres-
sed as the mean percentage of bound T cells from quadrupli-
cate wells.

For adhesion experiments on resting or TNF-a HUVEC,
primary HUVEC (passages 2 or 3) were left intact or stimulated
for 18 hr with heparin-free culture media supplemented with
TNF-a (2 ng/ml, 50 units/ml; R&D, Minneapolis, USA).

Actin polymerization

Human T cells (3 x 10° cells per ml) were preincubated with
various concentrations of allicin (1 hr, 37° in a 7-5% CO,
humidified atmosphere) and treated with 100 ng/ml of SDF-1a
for 15 seconds at 37° and then fixed by the addition of a
threefold volume of 3-7% PFA for 10 min at 22°. Next, the
cells were washed extensively and the membranes were per-
meabilized (2 min) in a solution containing HEPES (20 mM),
sucrose (300 mm), NaCl (50 mm), MgCl, (3 mM) and TritonX-
100 (0-1%). Thereafter, the T cells were stained (30 min) with
fluorescein isothyocyanate (FITC)-phalloidin (2 g/ml), washed
with phosphate buffered saline (PBS) and analysed by FACScan
(Beckton Dickinson; Mountain View, CA) at 525 nm, using
CellQuest software.

© 2004 Blackwell Publishing Ltd, Immunology, 111, 391-399
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Western blot analysis of T cell lysates

Purified human T cells were incubated in starvation medium
(RPMI-1640 medium without serum) for at least 24 hr before
the experiments. The cells (5 x 10° per sample) were activated
with SDF-1a (100 ng/ml) alone or with various concentrations
of allicin (5 min, 37° in a 7-5% CO, humidified atmosphere).
The reaction was terminated by freezing the plates at —70° for
10 min. The thawed cells were incubated (60 min, 4°) in lysis
buffer containing ethylenediaminetetraacetic acid (EDTA)
(0-5 mm), NaCl (150 mm), NaF (10 nm), Tris (pH 7-5,
25 mMm), Triton X-100 (1%), PMSF (200 pg/ml) and phospha-
tase inhibitor cocktail (1%; Sigma), cleared by centrifugation
(30 min, 14 x 10° rpm), and the supernatants were analysed
for protein content. Sample buffer was then added and after
boiling, the samples were separated on 10% sodium deodecyl
sulphate—polyacrylamide gel electrophoresis (SDS-PAGE) gel
and transferred to nitrocellulose membranes. The membranes
were blocked [TBST buffer containing low-fat milk (5%), Tris
(pH 7-5, 20 mMm), NaCl (135 mM) and Tween-20 (0-1%)], and
probed with antibodies. The types of antibodies used were
antiphosphorylated Pyk2 (pPyk2) and antitotal Pyk2 (tPyk2):
1-5 and 0-2 pg/ml, respectively. Immunoreactive protein bands
were visualized using horseradish peroxidase-conjugated sec-
ondary antibody and the enhanced chemiluminescence (ECL)
system.

FACS assay

T cells (106 cells per sample) were incubated (1 hr) with various
concentrations of allicin and then washed, centrifuged and
incubated (30 min, 4°) with mouse monoclonal antibody
(mAb) antihuman VLA-4, VLA-5, VLA-6, and CXCR4
(20 g per 10° cells). The cells were then washed and incubated
further (30 min, 4°) with FITC-conjugated rabbit antimouse
antibody (Dako, Denmark), washed and resuspended in PBS
(containing 1% FCS and 0-01% sodium azide; final concen-
tration of 5 x 10° cells in 0.5 ml), and analysed by FACSort
(Beckton Dickinson Labware, Franklin Lakes, NIJ).

RESULTS

Allicin inhibits the SDF-1a-induced T cell chemotaxis
through FN

We used the Transwell microchamber system in which® l[Cr]—
labelled T cells were placed in the upper chamber with various
concentrations of allicin, and SDF-1a (100 ng/ml) was added to
the lower chamber. T cell migration through FN-coated filters
was measured after 3 hr. As shown in Fig. 1, allicin alone
(50 pM) did not affect T cell migration, whereas SDF-1a
induced a marked (42%) T-cell chemotaxis. However, when
both SDF-1a and allicin were present in the microchamber, a
dose-dependent allicin-induced inhibition of T cell chemotaxis
occurred; significant inhibition of T cell migration was already
evident at a concentration of 20 uM allicin, and a maximal
inhibitory effect was achieved at 50 uM. In another experiment
we pretreated the cells with allicin (1 hr), and then washed the
cells. Next, the allicin-treated (and control cells) were exposed
to SDF-1a, and their subsequent chemotaxis was examined as
described above. The results we obtained (data not shown) were
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Figure 1. Allicin inhibits SDF-1la-induced T cell chemotaxis through
FN. Labelled T cells were placed in the upper well of the Transwell
microchamber system with various concentrations of allicin. SDF-1a
(100 ng/ml) was added to the lower chambers. T cell migration through
the FN-coated filters was measured after 3 hr, and the percentage of the
total cells migrating to the lower chamber was calculated after 3 hr. One
experiment representative of five; *P < 0-05.

identical to those described in Fig. 1. This excludes the possi-
bility that allicin exerts its regulatory effect via a direct inter-
action with SDF-1a.

Allicin inhibits SDF-1a-induced T cell actin
polymerization and polarization

T cell locomotion is associated with the generation of a leading
lamella and this is driven mainly by rapid rearrangement and
polymerization of cortical actin in response to activation by
chemoattractants.?® Because allicin inhibited T cell migration
through FN, we studied the effect of allicin on the polymeriza-
tion of actin within human T cells. To this end, the cells were
treated with allicin (1 hr) and then activated with SDF-la
(100 ng/ml) for 15 seconds. The redistribution of polymerized
actin was determined by the intracellular staining of the cells
with FITC-conjugated phalloidin, which binds actin only in its
polymerized form. Allicin strongly inhibited, in a dose-depen-
dent manner, the actin polymerization triggered by SDF-1a
(Fig. 2a,b); a significant inhibition of actin polymerization was
already found at a dose of 20 M of allicin, and at 50 M and
higher allicin reduced the actin polymerization to the level of
the non-treated cells. Thus, allicin-induced inhibition of T cell
migration through FN is achieved by the inhibition of the
reorganization of cortical actin.

In order to explore whether the inhibition of actin polymer-
ization by allicin influences the subsequent cellular polariza-
tion, we seeded T cells under tissue culture conditions in the
presence or absence of SDF-1a, with or without allicin. After 1
hr of incubation, the morphology of the cells was examined
using light microscopy. In each field, the percentage of polar-
ized cells of the total cells added was calculated. At20-100 M,
allicin significantly reduced the SDF-1a-induced T cell polar-
ization (Fig. 3a—d). Thus, the ability of allicin to inhibit T cell
migration through FN is mediated by inhibition of the cytoske-
leton rearrangement and the cellular morphological changes
that are associated with such T cell activation by SDF-1a.
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Figure 2. Allicin inhibits actin polymerization of T cells. T cells were treated with allicin (1 hr), and then activated with SDF-1a
(100 ng/ml) for 15 seconds. The redistribution of polymerized actin was determined by the intracellular staining of the cells with FITC-
conjugated phalloidin. Changes in fluorescence intensity with 50 M allicin (a) and with various doses (b) are shown. One experiment

representative of four; * P < 0-05.

Allicin inhibits the SDF-1a-induced Pyk-2 phosphorylation

The previous experiments indicated that allicin is an inhibitor of
SDF-1a-induced T cell migration through FN. Inhibition of
SDF-1a-induced actin polymerization by allicin and the sub-

4+—SDF-1a- treated
T calls

% 4—SDF-1a and allicin-
treated T calls

sequent T cell polarization probably accounts for the inhibition
of T cell migration. This inhibition was independent of any
contact with FN. Pyk2 is a member of the family of intracellular
focal adhesion kinases and plays an important role in the
formation of focal adhesion contacts.>® Tyrosine phosphoryla-
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Figure 3. Allicin inhibits T cell polarization induced by SDF-1a. T cells were maintained (1 hr) under tissue culture conditions in the
presence of SDF-1a (100 ng/ml). T cell morphology was examined using light microscopy. In each field, the percentage of polarized
cells of the total cells added was calculated. One experiment representative of five.
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Figure 4. Allicin inhibits the SDF-1a-induced Pyk-2 phosphorylation.
T cells were incubated (5 min) with SDF-1ae (100 ng/ml) and with
various concentrations of allicin, and the extent of Pyk2 phosphorylation
was examined in the lysates. One experiment representative of three;
*P < 0-05.
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tion of Pyk2 increases the activity of this cytoplasmatic kinase
and mediates multiple signalling pathways regulating cell
migration.**? Treatment with SDF-1a results in rapid phos-
phorylation of Pyk-2.** Therefore, we examined the effect of
allicin on the SDF-1a-induced phosphorylation of Pyk2. To this
end, T cells were incubated with SDF-1a (100 ng/ml), with or
without allicin, and the extent of Pyk2 phosphorylation was
examined in their lysates. Allicin, at 100 wM, significantly
reduced the phosphorylation of Pyk2 (Fig. 4). As shown in this
Fig. 4, the anti-Pyk-2 mAb used by us appears to precipitate two
adjacent protein bands; we chose to analyse the amount of
phosphorylation of the upper band, as its molecular weight was
identical to that of the phosphorylated form Pyk-2. Interestingly,
the apparent inhibitory concentration of allicin on Pyk-2
phosphorylation was as high as 100 wM. This may be explained
by the relatively high amount of cells present in the wells in
this specific assay (e.g. 5 x 10° cells per 300 wl). Note that
this inhibition of the SDF-la-induced Pyk2 phosphorylation
was achieved independently of FN.

Allicin inhibits SDF-1a-induced T cell adhesion to FN

T cell migration requires its adhesion to the ECM and the
formation of focal adhesions. In order to study the effect of
allicin on T cell adhesion,’ I[Cr]-labelled T cells were preincu-
bated (1 hr) with various concentrations of allicin, then cultured
with SDF-1a (100 ng/ml) in microtitre wells that were pre-

© 2004 Blackwell Publishing Ltd, Immunology, 111, 391-399

Treatment of T cells
[ SDF-10 Allicin () |

- - G
- 50 [H-
- 100 e
+ - =—
+ 10 =
+ 20 =
+ 50 %
+ 100 -
0 20 40 60

Adhesion of T cells to FN (% of total + SD)

Figure 5. Allicin inhibits SDF-la-induced T cell adhesion to FN.
Labelled T cells were preincubated (1 hr) with various concentrations of
allicin and then cultured in microtitre wells that were precoated with
FN. The wells were washed 60 min later and adhesion of the remaining
FN-bound T cells was then measured. One experiment representative of
four; *P < 0-05.

coated with FN. T cell adhesion was measured 60 min later. The
results, shown in Fig. 5, indicate that SDF-1a alone induced a
marked (48%) T cell adhesion to the immobilized FN. How-
ever, allicin, which had no proadhesive effect when used alone,
inhibited the SDF-1a-induced T cell adhesion to FN. Inhibition
was achieved already with 20 uM of allicin and the maximal
inhibitory effect was achieved with a concentration of 50 M.
Thus, in addition to its ability to inhibit the SDF-1a-induced T
cell chemotaxis, allicin appears to attenuate the ability of T cells
bind to immobilized FN.

Allicin down-regulates the expression of VLA-4 on T cells

Members of the B1-integrin subfamily, including VLA-4 and
VLA-5, are involved in lymphocyte adhesion to and migration
through EN.** Therefore, we investigated whether allicin
changes the level of expression of these receptors, as well as
the expression of the SDF-1a receptor CXCR-4. To this end, T
cells were preincubated with allicin (1 hr) and then with the
indicated mAb; mAb anti-VLA-6 was used as a control. Allicin
specifically reduced the expression of VLA-4 (Fig. 6a); this
reduction was significant at 20 uM (Fig. 6b) and reached its
maximal effect at 50 uM. No significant reduction was observed
in the expression of VLA-5, VLA-6 and CXCR4. We also
assessed the effect of allicin on T-cell LFA-1 expression and
found that, under identical condition, allicin did not affect the
expression of this integrin (data not shown).

Allicin inhibits SDF-1a-induced T cell adhesion to
endothelial cells

In addition to being a receptor for FN, VLA-4 also serves as a
receptor for VCAM-1 on endothelial cells, and consequently
regulates T cell transmigration.>> Therefore, we investigated
whether the allicin-induced down-regulation in VLA-4 expres-
sion also influenced T cell adhesion to HUVEC expressing
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Figure 6. Allicin down-regulates cell surface expression of VLA-4 on
T cells. T cells were preincubated with allicin (1 hr) and then with the
indicated mAb. Allicin reduced the expression of VLA-4 (a); this
reduction was significant at 20 pM (b) and reached its maximal effect
at 50 uM. No significant reduction was inspected in the expression of
VLA-5, 6 and CXCR-4 (c). One experiment representative of five;
*P < 0-05.

VCAM-1. To this end, T cells were incubated on wells that were
precoated with TNF-a-treated HUVEC. As shown in Fig. 7,
allicin inhibited the SDF-1a-induced T cell adhesion to endo-
thelial cells; significant inhibition was achieved already with
20 uM of allicin and the maximal effect was obtained with
100 pM.

Allicin inhibits SDF-1a-induced T cell
transendothelial migration

In order to investigate whether the inhibition of SDF-la-
induced T cell adhesion to endothelial cells by allicin influences
T cell transendothelial migration we used the Transwell micro-
chambers, which were precoated with TNF-a-pretreated
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Figure 7. Allicin inhibits SDF-1a-induced T cell adhesion to endothe-
lial cells. Labelled T cells were incubated on wells that were precoated
with TNF-a-treated HUVEC. Significant inhibition was already
achieved at a concentration of 20 uM of allicin, and the maximal
inhibitory effect was achieved at 100 wM. This is one experiment
representative of three; *P < 0-05.

Treatments of:
HUVEC T cells
[TNF-o SDF-1a  Allicin (uw)

- - - [
+ - - =
- + - I = e
+ + - [
+ + 10 1 j
+ + 20 I s s
+ + 50 [ ——
+ + 100 ]
0 ' éiO ' éO

Transendothelial migration of T cells (% of total + SD)

Figure 8. Allicin inhibits SDF-la-induced T cell transendothelial
migration. The filters of the Transwell microchamber were precoated
with TNF-a-treated HUVEC. The maximal inhibitory effect of allicin
was achieved at a concentration of 100 wM. One experiment represen-
tative of three; *P = 0-05.

HUVEC, and we then measured T cell migration to SDF-1a.
As shown in Fig. 8, allicin inhibited the SDF-la-induced
T cell migration through endothelial cells in a dose-dependent
manner. The maximal inhibitory effect was achieved with a
concentration of 100 wM; here the migration rate was even
lower than the rate of spontaneous T cell migration. Thus, in
addition to its ability to inhibit T cell chemotaxis through FN,
allicin down-regulates SDF-1a-induced T cell transendothelial
migration.
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DISCUSSION

In this study we found that allicin, the major ingredient of fresh
garlic extract, down- regulates T cell interactions with FN
(Table 1 summarizes these findings). Specifically, we found
that allicin, when used in concentrations of 20—100 M, inhibits
T cell migration through FN, and that this inhibition is mediated
by down-regulation of two different steps in immune cell
locomotion into and within inflamed sites. First, allicin inhibited
the reorganization of cortical actin through inhibition of its
polymerization and of the subsequent T cell polarization. This
inhibition occurred in the absence of FN (and therefore was
B1-integrin-independent). Secondly, allicin inhibited the adhe-
sion of T cells to FN. We have shown two possible mechanisms
for these inhibitory effects of allicin on T cells. Allicin down-
regulated the phosphorylation of Pyk2, an intracellular member
of the focal adhesion kinases, which is phosphorylated upon
SDF-1a treatment, and also mediates 31-integrins to multiple
signalling pathways that regulate adhesion and migration. In
addition, allicin down-regulated the expression of the cell-sur-
face integrin VLA-4. These mechanisms are probably also
responsible for the allicin-induced inhibition of T cell adhesion
to endothelial cells and inhibition of transendothelial migration.
Our findings that allicin down-regulates T cell interactions with
FN and HUVEC suggest that this ability of allicin is of major
importance as T cell locomotion through endothelial cells and
the ECM is a key event during inflammation. This locomotive
ability of T cells is associated with cytoskeleton-related func-
tions within the cells. Among them are the reorganization of
cortical actin by its polymerization, the subsequent cell polar-
ization and the formation of pseudopodia®®*” which enable the
cells to adhere to and migrate through the ECM and endothelial
cells. Both these steps of T cell locomotion, e.g. the reorganiza-
tion of cortical actin with subsequent cell polarization and the
adhesion to FN and HUVEC, were inhibited by allicin.

The apparent inhibitory properties of allicin regarding T cell
functions are not related to any cytotoxic effect of this organic
compound, because even after 5 hr of incubation with the maxi-
mal concentration of allicin used in this study (100 pM), we did
not find significant cell death. Moreover, after the incubation

Table 1. Summary of allicin-induced inhibition of SDF-1a-mediated
T-cell functions; shown are percentage inhibition by allicin used

at 50 pM
Functions % Inhibition
I. Cell activities
1. Migration
A. Through HUVEC 18
B. Through FN 14
2. Adhesion
A. Through HUVEC 61
B. Through FN 22
IL. Intra- and extracellular effects
1. Actin polymerization 50
2. Cellular polarization 10
3. Pyk-2 phosphorylation* 58
4. VLA expression (fluoresence intensity) 57

*Allicin at 100 pMm.
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time with allicin, the cells were washed and 24 hr later showed
complete rehabilitation of the SDF-la-induced polarization
(data not shown).

What are the mechanisms whereby allicin affects T cell
locomotion and interactions with FN and endothelial cells? We
have shown two possible explanations for the apparent down-
regulatory effects of allicin on T cells. The first is the inhibition
of the phosphorylation of Pyk-2. Treatment with SDF-1a results
in rapid phosphorylation of Pyk-2.2® Because there was no sig-
nificant reduction in the expression of CXCR-4 by allicin, it is
reasonable to assume that this compound inhibits one or more
steps in the signalling pathway between the ligated CXCR-4 and
Pyk-2. Once phosphorylated, Pyk-2 activates MAP kinases”'
which participate in cell migration®® and its down-regulation by
allicin explains the inhibitory effect of this compound in this
step of cytoskeleton-related functioning of T cells and therefore
on their migration. This signalling pathway, from CXCR-4 to
PYK-2, is independent of the interaction of T cells with FN and
therefore is B1-integrin-independent. We assume that this may
explain the inhibition of actin polymerization in T cells exposed
to allicin alone, and therefore the inhibition of subsequent cell
polarization that was found in the absence of FN. Whether or not
Pyk2 phosphorylation leads to or is linked to actin rearrange-
ment in T cells, our results imply that allicin blocks both of these
intracellular processes associated with T-cell adhesion to and
migration through ECM. The second mechanism of action of
allicin is the down-regulation in the expression of VLA-4, a cell
surface receptor that mediates the adhesion to and migration
through endothelial cells and FN. Indeed, the allicin-induced
down-regulation of VLA-4 expression on T cells was accom-
panied by the inhibition of T cell adhesion to endothelial cells,
and consequently transendothelial migration. These two down-
regulatory effects of allicin may be linked, as phosphorylation
of Pyk2 is also regulated by Pl-integrins and links these
integrins to multiple signalling pathways that regulate adhesion
and migration processes.>*** Therefore, this allicin-induced
VLA-4 down-regulation is responsible for the inhibition of T
cell adhesion to and migration through FN both directly as an
adhesion molecule by binding less to FN and indirectly as
transducing molecules by regulating the phosphorylation of
Pyk2.%° Future studies should be performed to indicate whether
allicin, applied in different concentration, also affects the SDF-
la-induced T-cell Cat? signalling and G protein activation.

What are the possible mechanisms for the down-regulation
of VLA-4 expression? We propose three possible mechanisms:
(1) direct binding of allicin to VLA-4 and therefore blockage of
the binding of the mAb anti-VLA-4 (ii); internalization of the
receptor; or (iii) its shedding. Blocking the receptor can be
conducted directly by the interaction of allicin with the receptor
binding site or indirectly by interaction with other sites of the
receptor, with subsequent conformational changes in the active
binding site, which prevent its binding. The major biological
effect of allicin is attributed to its rapid interaction with thiol-
containing proteins*' in the cell, resulting in the inactivation of
these proteins. This bond with the thiol groups can be reversed
by using thiol-containing compounds, such as the intracellular
SH-regulator, glutathione or more reactive reagents such as
dithiothreitol (DTT) and 2-mercaptoethanol (2-ME). Using
these three compounds, we could not reverse the effect of
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allicin on actin polymerization or cell polarization (data not
shown). Thus, we concluded that the mechanism governing the
down-regulation in VLA-4 expression may not be through
direct or indirect binding of allicin to this receptor. Hence,
the other possible mechanisms of VLA-4 down-regulation, e.g.
internalization or shedding of the receptor, should be studied in
the future.

The ability of allicin to down-regulate T cell functions
related to their adhesion and migration may explain some of the
beneficial health-related biological effects of allicin, for exam-
ple, reducing the formation of fatty streaks (atherosclerosis) in
blood vessels'*>—a process in which inflammation and T cells
play an important role.*> Overall, our results indicate that by
virtue of its ability to down-regulate T cell-blood vessel walls
and T cell-ECM interactions, allicin may be used clinically to
inhibit T cell-mediated diseases. Additional studies should
therefore be performed to verify our hypothesis in vivo.
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