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Abstract

Mast cells are involved in both the genesis of allergic inflammation and in host defense; and reside in tissues where their location and responsiveness
is regulated in part by adhesion to extracellular matrix proteins (ECM). We have reported that human mast cells (huMC) express TLR1-7, and 9
and respond to toll-like receptors (TLR) ligands by releasing cytokines and leukotriene C4. To determine if TLR ligation could similarly affect
mast cells via an influence on adhesion, we employed huMC; and as substrates, fibronectin (FN) and vitronectin (VN). huMC were thus treated
with double-stranded RNA (dsRNA) and adhesion to ECM was quantified. FceRI dependent mast cell degranulation was assessed. Adhesion
molecule expression and activation was measured by flow cytometry. Activation of huMC through TLR3 with increasing amounts of polyl:C
inhibited mast cell adhesion in a dose-dependent manner. This decrease in adhesion was accompanied by a similar decrease in IgE-mediated mast
cell degranulation. Activation of TLR3 on huMC resulted in a change in the conformation of CD29, the receptor for FN, to an inactive form. Thus,
TLR3 activation decreases mast cell attachment to VN and FN through an active process and one, which would abrogate mast cell attachment

dependent potentiation of IgE-mediated responses.
Published by Elsevier Ltd.
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1. Introduction

Mast cells have been reported to be recruited into innate
immune responses in part through activation of mast cells via
toll-like receptors (TLR) (Supajatura et al., 2002; Jawdat et al.,
2004). Human mast cells (huMC), as an example, express TLR3
and release IFN-a in response to polyl:C, a double-stranded
(dsRNA) ligand for TLR3 (Kulka et al., 2004). Ligation of
TLR3 by polyl:C does not itself induce mast cell degranula-
tion and polyl:C does not affect IgE-mediated cultured huMC

Abbreviations: dsRNA, double-stranded RNA; FN, fibronectin; HCMC,
human cultured mast cell; LAD, laboratory of allergic disease mast cell line; LPS,
lipopolysaccharide; MC, mast cell; PGN, peptidoglycan; polyl:C, polyinosine-
polycytidylic acid; TLR, toll-like receptor; VN, vitronectin
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degranulation (Kulka et al., 2004). The lack of a direct polyl:C
effect on mast cell degranulation has been confirmed in mouse
bone marrow derived mast cells (Matsushima et al., 2004).
BMMC treated with polyl:C or infected with virus upregulate
costimulatory molecules, such as CD80 and CD28 and, inde-
pendent of degranulation, release chemokines that recruit CD8*
T cells (Orinska et al., 2005). Similarly, polyl:C activates Thl
responses and reduces regulatory T cell development in a model
of autoimmune gastritis (Kobayashi et al., 2004). Injection of
mice with polyl:C suppresses both IgE responses and serum IgE
levels, and stimulates an IgG2a response in an IFNo/8 depen-
dent manner (Finkelman et al., 1991). These data suggest that
TLR activation turns mast cell attention away from IgE/mast cell
mediated inflammation and to responses beneficial to host viral
defense.

Since adhesion to extracellular matrix (ECM) is known to
potentiate mast cell IgE-mediated responses (Ra et al., 1994;
Wyczolkowska et al., 1994) and integrin-mediated adhesion is
important in this process (Edelson et al., 2004), we were inter-
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ested in determining if activation of mast cells through TLR3
would modify adhesion and as a consequence, influence IgE-
mediated MC degranulation. As will be shown, ligation of TLR3
with dsRNA decreased huMC adhesion to fibronectin (FN) and
vitronectin (VN). Attendant to this decrease in adhesion was a
decrease in IgE-mediated mast cell degranulation. Thus, acti-
vation of TLR3 not only leads to mast cell cytokine release,
but also a second biologic effect, that of a decrease in attach-
ment to matrix components. These data are consistent with the
theme that TLR-mediated activation of mast cells focuses their
responses to those that are beneficial to host defense.

2. Materials and methods
2.1. huMC culture

huMC (LAD1) (Kirshenbaum et al., 2003; Venkatesha et al.,
2005) were cultured in serum free media (StemPro-34 SFM, Life
Technologies) supplemented with 2 mM L-glutamine, 100 U/mL
penicillin, 50 wg/mL streptomycin and 100 ng/mL stem cell fac-
tor (SCF). The cell suspensions were seeded at a density of
103 cells/mL and maintained at 37 °C and 5% CO,. Hemideple-
tions were performed weekly with fresh media (Kirshenbaum et
al., 2003).

2.2. Isolation of human lung and skin mast cells

Skin mast cells were isolated from human adult breast
or infant foreskin samples (>1g of sample) by gentle pro-
tease digestion, enriched after being labeled with anti-FceRI-
FITC, and incubated with anti-FITC microbeads using a mod-
ified technique (Okayama et al., 1994). Briefly, skin samples
were weighed and cut into small pieces. Skin pieces were
then placed in RPMI (pH 7.4) containing 2 mM L-glutamine,
100 U/mL penicillin, 50 pg/mL streptomycin, 20 mM HEPES,
2 mg/mL collagenase (Sigma), 1 mg/mL hyaluronidase (Sigma)
and 2 mg/mL protease (Sigma), and incubated at 37° for 24 h.
The cell suspension was next filtered through a 70 pum Nylon cell
strainer, labeled with anti-FceRI-FITC, and incubated with anti-
FITC microbeads as described (Okayama et al., 1994). Lung
mast cells were similarly isolated from human lung samples
(>1 g of sample, obtained from adult cadaveric tissue) by gentle
protease digestion. Skin and lung mast cells were analyzed by
toluidine blue staining, flow cytometry for granule content and
FceRI and Kit expression. Only samples more than 95% pure
were used for RNA analysis.

2.3. RNA isolation and quantitative polymerase-chain
reaction (PCR)

RNA was purified using an RNeasy Mini Kit (Qiagen Inc.,
Valencia, CA). Genomic DNA was digested by incubating
10 pg of total RNA with 2U of DNAse (amplification grade;
Life Technologies) in DNase buffer (200 mM Tris—HCI, 20 mM
MgCl,, 500 mM KCl, pH 8.4; Life Technologies) and RNase-
free H»O for 10 min at room temperature. RNA was then precip-
itated with 3M C,H,0O;,Na (pH 5.2; Sigma—Aldrich, St. Louis,

Table 1

Primers for the human toll-like receptors used for RT-PCR analysis

Gene Sequence Size Tm Cycles

TLR-1 tgaatatcagcaaggtcttgct 432 54 30
catctgtgtagtcatttcagct

TLR-2 gagcatctgataatgacagagtta 773 60 40
gtgtcagtaagtatatttgaaga

TLR-3 gtttggagceaccttaacatggaa 454 60 30
tgcttagatccagaatggtcaag

TLR-4 gcatacttagactactacctcgat 342 60 35
aataacaccattgaagctcagatc

TLR-5 acaccaatgtcactatagctg 645 50 30
tgtacaaagcctctgatggat

TLR-6 cttggaaatgectggtcagagt 544 60 35
atctgaaaacagagtcagtaagc

TLR-7 gacctaagtggaaattgecct 538 60 35
ctcttgaatctcctgaaggtg

TLR-8 aacagaatatcaccgttggtaaa 293 60 35
ttcagttccacttaacacttgag

TLR-9 ggacctctggtactgcettcca 150 54 45
aagctcgttgtacacccagtct

TLR-10 tgctcatctgeatctaaatactgt 671 60 35
agtctccagtttattgecattcaa
gcatctgcetggttgaagaatgc

B-actin atctggcaccacaccttctacaatgagetgeg 838 60 25

cgtcatactcctgcttgetgatccacatetge

All sequences are in the 5'-3’ orientation.

MO). Treated RNA (1 pg) was reverse transcribed using 0.5 pg
oligo(dT), buffer (50 mM Tris—HCI, 75 mM KCI, 3 mM MgCl,,
pH 8.3, Life Technologies), 10 mM DTT, 10 mM of each dNTP,
DEPC-treated water and 200 U M-MLV RT enzyme (all from
Life Technologies) at 37 °C for 1 h.

Quantitative PCR was performed using Brilliant SYBR
Green QPCR Master Mix (Stratagene, La Jolla, CA) according
to manufacturer’s instructions. Briefly, 0.1 pg of cDNA, 25 pL
of Master Mix, 50 nM of each primer and 0.75 pL of ROX refer-
ence dye was amplified for 45 cycles on an ABI PRISM 7700 at
an annealing temperature of 50-60 °C. The sequences of each
primer are shown in Table 1 and conditions for reaction were
as described (Kulka et al., 2004). Data acquisition was done
in both the annealing and extension step of each amplification
cycle. Amplified products were also analyzed by 2% agarose gel
electrophoresis and visualized by ethidium bromide staining to
confirm a single product of correct size.

2.4. Adhesion assay

The 96-well Nunc Maxisorp plates (NUNC, Naperville, IL)
were coated with 10 pg/mL human FN or VN (Sigma) in
phosphate-buffered saline (PBS) for 2h at 37°C or 16h at
4°C, washed three times with PBS, blocked with 3% bovine
serum albumin (BSA; Sigma) in HEPES buffer (10 mM HEPES,
137mM NacCl, 2.7 mM KCl, 0.38 mM Na,HPO4-7H,0, 5.6 mM
glucose, 1.8 mM CaCl,-2H,0, 1.3 mM MgS0O4-7H,0, 0.04%
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Fig. 1. polyl:C inhibits resting huMC adhesion to VN and FN. (A) Adhesion of untreated (solid bars) or polyl:C treated (10 wg/mL; open bars) mast cells to FN,
VN, BSA and plastic in a 2 h adhesion assay. (B) Adhesion of mast cells to FN (solid bars) and VN (open bars) in the presence of increasing doses of polyl:C for 2 h.
(C) Effect of time of polyl:C (10 wg/mL) addition on adhesion when added after mast cells had been allowed to adhere. Mast cells were allowed to adhere to FN
and VN for 0, 0.5, 1, 1.5 and 2 h at 37 °C and then polyl:C (10 p.g/mL) was added and the number of adherent mast cells was evaluated as described in Section 2.
Background adhesion to BSA was 15%. (D) Effect of mast cell pre-treatment with polyl:C for indicated times. Cells were washed once with buffer, pre-treated with
polyl:C (10 pg/mL) for indicated times and allowed to adhere to FN or VN for 2 h. Asterisks show P <0.01 significance when compared to control (n =3 separate

experiments, each performed in quadruplicate).

BSA, pH 7.4) for 1h at 37°C, then washed three times with
HEPES buffer. For stimulation with IgE or SCF, huMC were
washed with HEPES buffer, resuspended at 1 x 100 cells/mL,
and labeled with 5 WM Calcein-AM (Molecular Probes, Eugene,
OR) for 20min at 37 °C. For stimulation via FceRI, huMC
were incubated with 1 pg/mL IgE-biotin overnight at 37 °C in
medium, washed twice to remove unbound IgE, then resus-
pended and labeled as described earlier. After labeling, cells
were washed and resuspended at 1 x 10° cells/mL in HEPES
buffer. Cell suspension (50 nL) == HEPES buffer containing IgE,
SCF or streptavidin (Sigma) was added to each FN or VN-coated
well and incubated at 37 °C for 2h or the indicated times. In
Fig. 1C, mast cells were added to a 96 well plate coated with
either FN or VN and incubated for 0, 0.5, 1, 1.5and 2h at 37 °C.
After incubation at the indicated time, polyl:C (10 wg/mL) was
added and adhesion was immediately assessed. In a second set
of experiments, mast cells were added to a 96 well plate coated
with either FN or VN and incubated for 2 h. After incubation,
polyl:C (10 pg/mL) was added and the plate was incubated for
a further 2 h at which time adhesion was assessed. The degree
of adhesion was quantitated at 485 nm excitation and 530 nm
emission (HTS 7000 Bio Assay Reader, Perkin-Elmer, San Fran-
cisco, CA) and is expressed as the percentage of fluorescence
remaining in the wells after washing away unbound cells. Treat-
ment of cells with inhibitors or antibodies was carried out by
incubating Calcein-AM-labeled cells = anti-TLR3 (10 pg/mL;
eBioscience) for 30 min at 37 °C prior to the addition of the cells
to the assay plate. A two-tailed paired Student’s #-test was used
to determine statistical significance between adhesion values.

2.5. B-Hexosaminidase release assay

huMC were sensitized overnight with 1 ug/mL of IgE-
biotin. A total of 2 x 107 cells were washed and resuspended
in HEPES buffer, then placed in FN, VN or BSA coated or
uncoated wells. Cells were stimulated with streptavidin in the
presence or absence of polyl:C (10 wg/mL) and incubated at
37°C for 1h. The B-hexosaminidase in the supernatants and
cell lysates was quantified by hydrolysis of p-nitrophenyl N-
acetyl-B-p-glucosamide (Sigma—Aldrich) in 0.1 M sodium cit-
rate buffer (pH 4.5) for 90 min at 37 °C. The percentage of
B-hexosaminidase release was calculated as percent of total con-
tent.

2.6. Fluorescence-activated cell sorter (FACS) analysis

huMC were washed and resuspended at 5 x 10° cells/mL in
PBS/0.1% BSA and incubated with anti CD29-phycoerythrin
(CD29-PE), CD31-PE, CD49b-FTIC, CD49c-PE, CD49d-PE
and CD51/61-PE (all from BD Bioscience) for 30 min at 4 °C.
Cells were resuspended in PBS/0.1% BSA and analyzed using
FACSCalibur (Becton Dickinson).

2.7. Statistical analysis

Each experiment was performed at least three separate
times and in quadruplicate and values represent mean of
n =3 % standard error of the mean of the average of each exper-
iment. P values were determined by Student z-test (between
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groups) or one-way ANOVA (comparing more than two
groups).

3. Results
3.1. polyl:C inhibits huMC adhesion to FN and VN

SCF-dependent huMC adhesion to FN, as well as VN, was
tested using a mast cell adhesion assay with or without polyl:C
(10 pg/mL). huMC spontaneously adhered to uncoated wells
(plastic) and wells coated with BSA, FN and VN. polyI:C inhib-
ited this adhesion to FN and VN but not to BSA or plastic
(Fig. 1A) in a dose-dependent manner (Fig. 1B). Next, we deter-
mined if polyl:C could reverse huMC adhesion. Thus, mast cells
were allowed to adhere to FN and VN for 0,0.5, 1, 1.5and 2 hand
polyl:C was added at different time points (Fig. 1C). Addition of
polyl:C within the first hour significantly decreased huMC adhe-
sion. However, addition of polyl:C 1.5 and 2 h after cells were
allowed to adhere to FN and VN had no affect, suggesting that
polyl:C blocked early adhesion events. Alternatively, polyl:C
mediated inhibition of adhesion may require a longer period of
time. To test this possibility, we incubated huMC on FN for 2 h,
then added polyl:C and incubated for another 2 h. No affect of
polyl:C on huMC was observed (data not shown). Finally, we
determined if pre-treatment with polyl:C would block mast cell
adhesion. Mast cells were treated with polyl:C for 1-30 min,
washed once with buffer, then allowed to adhere to FN or VN
(Fig. 1D). A 15-30min pre-treatment with polyl:C inhibited
huMC adhesion to FN and VN. Pre-treatment with polyl:C for
less than 15 min did not significantly affect mast cell adhesion.

801
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3.2. Characteristics of polyl:C effect

Since polyl:C is a synthetic dsRNA construct, we mea-
sured huMC adhesion to FN and VN in the presence of other
forms of dsRNA (polyG:C and polyA:U), ssRNA (polyC) and
dsDNA (polydI:dC). Of all of the oligonucleotide constructs,
only polyl:C, polyG:C and polyA:U inhibited mast cell adhe-
sion to FN (Fig. 2A). polyl:C and polyG:C also significantly
inhibited mast cell adhesion to VN. ssRNA and dsDNA did not
significantly inhibit huMC adhesion to either FN or VN, sug-
gesting that this effect is unique to dsRNA, the ligand for TLR3.

To determine if the polyl:C effect was TLR3 mediated, huMC
were pre-treated with anti-TLR3 (clone 3.7 (Matsumoto et al.,
2002)) for 30 min and then allowed to adhere to FN or VN
(Fig. 2B). Because TLR3 in part is located intracellularly, the
use of blocking antibodies has limitations. That is, a partial block
does not clarify if all effects are via TLR3 or if there is another
intracellular mechanism of activation. In any case, anti-TLR3
had no affect on constitutive adhesion to FN or VN. However,
anti-TLR3 abrogated the polyl:C inhibitory influence consistent
with the conclusion that polyl:C inhibition of mast cell adhesion
is at least in part TLR3 mediated. An isotype control antibody
had no affect on polyl:C inhibition of adhesion (data not shown).

To determine if polyl:C similarly inhibited the increase in
adhesion known to occur in the presence of SCF following IgE-
mediated activation, we measured huMC adhesion to FN or VN
in the presence of SCF, IgE-biotin or IgE-biotin + streptavidin
(Fig. 2C). SCEF, as expected, increased mast cell adhesion to FN
from 58.5 2.6 to 95.2 £4.5%. Stimulation of mast cells with
IgE/streptavidin modestly increased adhesion to 75.9 £3.8%
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Fig. 2. Characterization of polyl:C effect. (A) Ligands for TLR-3 inhibit adhesion. (B) Anti-TLR3 antibody (10 wg/mL) inhibits polyl:C effect on adhesion. (C)
polyI:C inhibits huMC adhesion to FN induced by SCF, IgE and IgE + SA. Adhesion of untreated (white bars) or polyl:C treated (10 pg/mL; black bars) huMC to
FN in the presence of SCF (10 ng/mL), IgE (1 wg/mL) or IgE + SA (100 ng/mL). (D) Effect of other TLR ligands on huMC adhesion. huMC (1 x 10°) were treated
with indicated concentrations of LPS (10 pg/mL), PGN (10 pg/mL), zymosan (10 pg/mL), polyl:C (10 pg/mL), CpG (10 pg/mL) or flagellin (100 ng/mL) for 2h
on a FN or VN coated plate. Asterisks show P <0.01 significance when compared to control (n =3 separate experiments, each performed in quadruplicate).
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Fig. 3. Expression of TLR mRNA in mast cells isolated from human skin and
lung. Mast cells were isolated from human lung and skin samples as described
and RNA was isolated. (A) Semi-quantitative RT-PCR and real-time PCR. (B)
Analysis of TLR expression in skin mast cells, lung mast cells and human spleen.

while IgE alone had no significant effect on adhesion (p <0.01,
n=3). polyl:C significantly inhibited adhesion of SCF and
IgE/streptavidin stimulated mast cells by 40-60% (p<0.01,
n=3).

To determine if other TLR ligands were also able to inhibit
mast cell adhesion, we measured huMC adhesion to FN or VN
in the presence of lipopolysaccharide (LPS; ligand for TLR-
4), peptidoglycan (PGN; ligand for TLR2), zymosan (TLR2),
polyl:C (TLR3), CpG-A oligonucleotide (TLR9) and flagellin
(TLRS). Only polyl:C and CpG-A oligonucleotide inhibited
huMC adhesion to FN and VN (Fig. 2D). Therefore, it appears
that only activation of huMC by TLR3 and TLR9 ligands mod-
ifies huMC adhesion.

3.3. Human skin and lung mast cells express TLR3

Some reports have suggested that mast cells from skin or lung
may respond differently to pathogens and may express different
TLR. To determine whether human skin and lung mast cells sim-
ilarly express TLR3, we isolated skin and lung MC from human
tissues and analyzed purified mast cells by RT-PCR (Fig. 3A)
and real-time PCR (Fig. 3B) for expression of TLR1-10. Results
indicate that both skin and lung MC express TLR 2, 3 and 4.
Compared to cultured huMC (Kulka et al., 2004), human skin
and lung mast cells exhibited less (TLRS, TLR7, TLR9 and
TLR10) or no (TLR1, TLR6 and TLR8) message. Some strik-
ing differences in TLR expression were observed between skin

and lung mast cells. Skin mast cells expressed TLR9 but little
TLR7 or TLR10, while lung mast cells expressed higher lev-
els of TLR7 and TLR10 but no TLRY. Thus, among these mast
cell types, and in huMC, TLR3 is among the most consistently
expressed in huMC from separate sources and locations.

3.4. polyl:C induced mast cell adhesion is not inhibited by
IFN-«a

We have previously shown that huMC produce IFN-a when
stimulated with polyl:C (Kulka et al., 2004). Mast cells treated
with polyl:C produced IFN-a in a dose-dependent manner but
did not produce TNEF, IL-5 or IL-1$. As IFN-a is not stored
in huMC granules but must be synthesized de novo, it is thus
not likely to influence the 2h adhesion assay. However, in an
in vivo context, it is possible that other mast cells (or other cell
types) in the area of polyl:C (or viral) activation could synthesize
IFN-a and modulate nearby mast cell adhesion. Therefore, we
wanted to know whether IFN-a could modulate huMC adhesion.
We thus measured mast cell adhesion in the presence of IFN-a
and/or polyl:C. IFN-a treatment of huMC for 3 h had no affect
on mast cell adhesion to either FN or VN alone or in combination
with polyl:C (data not shown).

3.5. polyl:C decreases the expression of the active
conformation of CD29

To determine if polyl:C was blocking adhesion by downregu-
lating expression of adhesion molecules, we analyzed adhesion
molecule expression following polyl:C treatment (Fig. 4A).
huMC expressed CD29, the FN receptor, CD49c and CD49d.
polyl:C treatment for 3h (Fig. 4A) and 24 h (data not shown)
did not modify expression of these adhesion molecules when
compared to untreated cells.

Adhesion molecule affinity for their ligand is regulated by
both expression levels of the adhesion molecule as well as con-
formational changes due to inside-out signaling. To determine
whether polyl:C was modifying the conformation of CD29, the
FN receptor, we used an antibody 9EG7 which can recognize
an activated epitope of CD29 (Bazzoni et al., 1995; Bodeau et
al., 2001). Mast cells were untreated or treated with polyl:C in
the presence or absence of SCF for 3h and the expression of
active CD29 was analyzed (Fig. 4B). Compared to untreated
cells, flow cytometry shows that polyl:C decreased the expres-
sion of the active conformation of CD29, even in the presence
of SCF.

3.6. polyl:C inhibits huMC adhesion-dependent
degranulation

The attachment of mast cells to substrate is known to enhance
IgE-mediated degranulation. To determine if polyl:C affects
huMC degranulation in the presence of FN, mast cells were
sensitized with IgE-biotin overnight, then stimulated with strep-
tavidin in FN coated wells for 1 h (Fig. SA). Degranulation was
determined by measuring (3-hex release. FN increased (-hex
release compared to BSA (Fig. 5SA) or uncoated wells (data
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Fig. 4. polyl:C effect on adhesion molecule expression. (A) huMC were untreated (black line) or treated with polyl:C (10 wg/mL; grey line) for 2h and adhesion
molecule expression was measured as compared to isotype control (filled in). (B) polyl:C modifies inside-out activation of CD29. huMC (1 x 10°) were treated with
polyI:C (10 pg/mL) for 2 h with or without SCF (100 ng/mL) and analyzed for expression of the active conformation of B1 integrin (CD29) using 9EG7 mAb.
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Fig. 5. polyl:C inhibits adhesion dependent mast cell degranulation. (A) B-Hex release from huMC stimulated via FceRI. Mast cells were allowed to adhere to FN
or BSA (negative control) in the presence or absence of 10 pg/mL polyl:C for 1 h. After 1h, cells were stimulated via FceRI and B-hex release was measured. (B)
huMC were treated with polyl:C (10 wg/mL; grey line) or untreated (dark line) and expression of TLR3, Kit and FceRI was assessed by flow cytometry. Isotype
control is shown as filled in trace.
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not shown) by approximately 20% (p <0.01, n=3). polyl:C did
not affect mast cell (3-hex release in BSA coated wells and
uncoated wells (data not shown). However, polyl:C inhibited
the FN potentiation of 3-hex release (p <0.01 when comparing
fibronectin and fibronectin + polyl:C) so that the 3-hex released
in the presence of polyl:C+FN was similar to that of BSA
alone (Fig. 5A). To determine if this decrease in degranula-
tion was because of a decrease in FceRI or Kit expression,
huMC were treated with polyl:C (10 pg/mL) for 12 h and expres-
sion of TLR3, FceRI and Kit was measured (Fig. 5C). polyl:C
did not affect FceRI and Kit expression but upregulated TLR3
expression. Thus, polyl:C decreases degranulation by decreas-
ing adhesion, not by decreasing FceRI or Kit expression.

4. Discussion

In this study, we determined the effect of TLR ligation on
huMC attachment to two extracellular matrix proteins (VN and
FN) and on adhesion-dependent degranulation. We found that
polyl:C, which is a ligand for TLR3, inhibited huMC adhesion
to FN and VN in a dose-dependent manner when added to mast
cells within the first 30 min of the adhesion assay (Fig. 1). This
data is consistent with the conclusion that this effect is on the
early events in mast cell adhesion to ECM. Similarly, only mast
cells preincubated with polyl:C for at least 15 min showed inhi-
bition in adhesion to FN. The polyl:C effect seems to occur
within the period in which mast cells are forming adhesions to
the ECM. IFN-q, a product of polyl:C activated cells, does not
inhibit huMC adhesion.

The observation that ligation of TLR3 inhibits mast cell adhe-
sion may be explained by (1) changes in adhesion molecule
expression, (2) cell death, (3) mast cell release of proteases
and digestion of FN, (4) surface binding and steric hindrance
of CD29 conformational changes and (5) alterations in inside-
out signaling. We have shown that there are no changes in
adhesion molecule expression (Fig. 4A) and cells are viable
and able to degranulate normally following polyl:C treatment
(Fig. 5A). polyl:C itself does not induce mast cell degranula-
tion (Fig. 5A) and thus does not release granule proteases. It
is possible that TLR3-independent binding of polyl:C to the
cell surface and consequent steric hindrance of CD29 may be
responsible for changes in adhesion. However, we have shown
that other nucleotide constructs, such as polyC and polydI:dC do
not block adhesion (Fig. 2A) and pre-treating with polyl:C for
at least 15 min, then washing mast cells with buffer, still resulted
in decreased adhesion (Fig. 1D). Furthermore, the majority of
TLR3 is expressed intracellularly (Fig. 5C) and activation of
TLR3 by polyl:C requires internalization.

Our data strongly suggests that polyl:C inhibition of huMC
adhesion is dependent upon changes in inside-out signaling.
B1 integrins (CD29) mediate adhesion to FN. Flow cytometric
analysis using an antibody that specifically binds to the active
conformation of CD29 showed that polyl:C activation alters the
conformation of CD29 (Fig. 4B).

A direct consequence of TLR3 activation is the inhibitory
affect on mast cell degranulation. polyl:C does not affect huMC
degranulation when the mast cells are stimulated with IgE cross-

linking in the absence of an ECM. However, adhesion to FN
potentiates mast cell degranulation in response to IgE cross-
linking and polyI:C inhibits mast cell adhesion to FN, and there-
fore abrogates this potentiating affect (Fig. 5A). A possible addi-
tional consequence of the decrease in huMC adhesion caused
by polyl:C could include a subsequent increase in cell mobil-
ity, thereby allowing these cells to respond to nearby pathogens.
Murine mast cells stimulated with polyI:C or infected with virus
upregulate costimulatory molecules and secrete chemokines that
recruit CD8" T cells (Orinska et al., 2005). Therefore, an accu-
mulation of mast cells at sites rich in dsSRNA may further recruit
and activate cytotoxic T cells, which are necessary for antivi-
ral host responses. polyl:C inhibition of mast cell adhesion
may also reflect an “off” signal that resolves mast cell medi-
ated inflammation during the course of an acute viral infection.
Our studies further revealed that CpG oligonucleotides inhib-
ited mast cell adhesion to FN and this supports a recent report
that pre-treating mice with immunostimulatory CpG oligonu-
cleotides inhibited the accumulation of peribronchial mast cells
in a mouse model of ovalumin allergen induced chronic airway
inflammation (Ikeda et al., 2003). Our PCR analysis indicated
that although both human skin and lung mast cells express TLR3,
only skin mast cells express TLR9. This would suggest that
human skin mast cells are susceptible to the inhibitory effect
of CpG oligonucleotides, whereas mucosal mast cells, such as
those in the gut mucosa, may not be susceptible. However, dif-
ferences in TLR expression between skin and lung mast cells
in our study may also be dependent upon the source tissue,
since lung mast cells were isolated from adult cadaveric tissue,
whereas skin mast cells were obtained from infant foreskin sam-
ples. Mast cells obtained from material several hours after death
may have undergone changes in activation and/or undergone
selection.

Intotal, the data presented demonstrate that polyl:C decreases
mast cell attachment to both FN and VN. This in vitro demon-
stration of polyl:C’s ability to inhibit mast cell adhesion offers
one explanation of a decrease in accumulation of peribronchial
mast cells following administration of CpG oligonucleotides
to mice (Ikeda et al., 2003). The biologic consequences of
these observations remain speculative. Certainly because mast
cell attachment to substrate potentiates mast cell degranulation,
release of dsRNA within tissues would decrease adhesion and
indirectly mast cell degranulation at that site, consequences of
which include an avoidance of potentiating IgE-mediated aller-
gic responses during viral infection which would potentiate
pathology. Alternatively, release of dSRNA may promote mast
cell flux and migration to sites of viral infection, and thereby
promote activation of adaptive immune responses.
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